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5 FOUR-CAR TRAINS 


OR 25 Kv 50 CYCLE A.C. ELECTRIFICATION 


being built by British Railways at Wolverton Works for the MANCHES- 
TER-CREWE AND LIVERPOOL-CREWE SERVICES are being fitted with 


WESTINGHOUSE 
ELECTRO-PNEUMATIC BRAKES 


the modern brakes that provide 
the powerful rapid-acting control 
required to operate fast passenger 
services on a close schedule. 


OVER 10,000 SETS SUPPLIED AT HOME AND OVERSEAS 


Brakes designed and made in England by 
WESTINGHOUSE BRAKE AND SIGNAL CO. LIMITED 
82, YORK WAY, LONDON N.1I., ENGLAND 


U 


Alphabetical 


Firms : 


AEI (Associated Electrical Industries 
Limited) . 

Alsthom 

Belgian Railways ; 

Beyer Peacock (Hymek) Ltd. 

Cockerill-Ougrée (S.A.) . 

Electromécanique (S.A.) . af 

English Electric Company Ltd. (The) . 

Ericssons (LM) Signalaktiebolag. . 

Ganz-Mavag . 

Hasler (A.G.) 

Matisa Equipment Limited . : 

Metropolitan-Cammell Carriage & Wagon 
C° Ltd. nt 

Pressed Steel Co. Lid. 

R.I.V. (Officine di Villar Poroey: 

S.A.B. (Svenska Aktiebolaget Bromsre- 
gulator) 

S.K.F. (Société Belge des ay Ree a 
Billes) . ‘ 

Vapor International Corporation . 

Werkspoor, N.V. or Peat 

Westinghouse Brake and Signal Coy, Ltd. 

Workington Iron & Steel Co. 


Vil 


Specialities : 


Traction problems. 

Electric locomotives. 
Car-sleeper-express. 
Diesel-hydraulic locomotives. 
Steam and Diesel locomotives. 
Butt welding of rails. 

Railway electrification. 
Railway signalling. 


Railway rolling stock. 


Index of Advertisers 


Speed indicators and recorders. 


Permanent way equipment. 


Lightweight railway coaches. 
Wagons. 


Axleboxes. 
Automatic slack adjusters. 


Axleboxes. 

Steam heating systems. 
Locomotives. 

Railway signalling. Brakes. 
Rails, fish plates, sole plates. 


Diesel locomotives. 


COCKERILL- OUGREE contrieutes 


TO THE MODERNIZATION 


OF RAILWAYS 


COCKERILL-OUGREE 


SE RAIN G ( Welpiwum ) 


With its complete line of diesel-electric 
locomotives ranging from 600 to 2000 HP, 
built under licence from Baldwin-Lima- 
Hamilton Corporation, specially engineered 
for passenger and freight service, COCKE- 
RILL-OUGREE has within its wide programme 
the precise unit which will perform econo- 
mically and reliably any specific job under 
any conditions of climate and terrain. 


CockerillOugree has also specialized in the 
production of diesel-hydraulic locomotives 
ranging from 200 to 800 HP 


Ii 


less joints = more comfort 


welding capacity Butt welding of rails in lengths of 30 to 500 meters 
max. massive section means larger spacing of rail joints, 
min. massive section lessening of wheel battering on the joints and 
nominal power : reduction of operation costs. SEBAR 45! flash butt welder 
on 50% duty cycle also allows recuperation of old rails. 


For complementary information, please contact 


ELECTROMECANIQUE 


Société Anonyme 19, rue Lambert Crickx - Bruxelles 7 - phone: 21.00.68 


AEI CAMSHAFT 
CONTROL 


Since 1938 AEI has supplied the bulk of the Control 


Equipment on London Transport Trains and over 2400 
camshaft equipments have been supplied or are on order. 


Please send enquiries to AEI Traction Division, 
Trafford Park, Manchester 17, or to your local AEI Office. 


Associated Electrical Industries Export Ltd. 
33, GROSVENOR PLACE, LONDON S.W.1I., ENGLAND 
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HYMEK DIESEL-HYDRAULIC 


LOCOMOTIVES 


95 British Railway type 3 HYMEK diesel-hydraulic locomotives, 
for mainline use, are being constructed for British Railways. 
These locomotives will be fitted with Bristol Siddeley Maybach 

engines and Stone-Maybach transmission, units of well known 
and widely used designs, successfully proved in many millions 

of miles of arduous service. 

The many advantages of HYMEK locomotives, backed by over 

a century of Beyer Peacock experience and craftsmanship, 


are attracting the attention of railways all over the world. 


TECHNICAL DATA 


Wheel arrangement B-B Engine Bristol Siddeley Maybach MD 870 
Wheel diameter 114 cm. Transmission box Stone-Maybach « Meky- 
dro» K184U 
Horsepower 1700 Axledrive gearboxes Stone-Maybach C 33V 
and 33 


Max.axle load 18,5 tons Starting T.E. (30°, adh.) 22590 kg. 
Total weight 74 tons Continuous T.E. 15450 kg. 
Fuel capacity 3637 litres Max. service speed 145 km/h. 


Train Heating Stone-Vapor boiler 


BEYER PEACOCK (HYMEK) LIMITED 


Uniting the railway traction resources of : 


BEYER PEACOCK - BRISTOL SIDDELEY ENGINES - STONE PLATT INDUSTRIES 


LOCOMOTIVE HOUSE, BUCKINGHAM GATE, LONDON, S.W.1 


THE HEY-BACK 
RAIL FASTENING 


The POSITIVE elastic 
fastening 


The Hey-back Rail Fastening with its specially 
designed baseplate and spring clip provides an 
effective elastic fastening of the rail independent 
of the fixing of the baseplate to the sleeper. The 
fastening allows rails to be removed and replaced 
with speed and economy of labour. The fasten- 
ing is adaptable to both wood and concrete 
sleepers, is simple and requires neither special 
tools nor skilled labour for fitting and main- 


tenance. 


The photograph on the left shows the Hey-back 
System in use near Neasden on an electric track 
of the London Transport Executive, whose per- 
mission to reproduce this photograph is grate- 


fully acknowledged. 


Further technical data gladly supplied on request. 


VORKINGTON IRON & STEEL COMPANY  tHeuniteo 


MAKERS OF RAILS, FISHPLATES, BASEPLATES AND STEEL SLEEPERS 
A branch of The United Steel Companies Limited 


WORKINGTON Phone: Workington 206 Grams: ‘Mosbay"”, Workington, Cumberland COMPANIES LT 
lway Department: 8/10 Grosvenor Gardens, Victoria, London, S.W.1 - Phone: Sloane 4533 - Grams: Unisteels, Sowest, London 
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BRAKE REGULATORS 


on Railways all over the world 


| 
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plant 
in Europe 


On January 30 this year the Swedish State Railways 
opened the first section of the C.T.C. plant on the 
Ljusdal—Langsele line. The C.T.C. office is situated 
at Ange and. when the plant is completed, will control 
11 stations extending over a distance of 170 miles. 


This will be the largest C.T.C. plant in Europe. 


The C.T.C. equipment was supplied by LM Ericsson. 


LM ERICSSONS SIGNALAKTIEBOLAG 


Lovholmsvagen 93 Stockholm Sv Sweden 
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WE ARE SHIPPING THEM 
ALL OVER THE WORLD ! 


SPEED » COMFORT + RELIABILITY - BEAUTY OF DESIGN 


* Diesel and Electric Locomotives 
* Railcars 
* Railcar trains 


Spanz GANZ-MAVAG LOCOMOTIVE AND RAILWAY CARRIAGE 
 1QVaQG MANUFACTURERS, MECHANICAL ENGINEERS 


eel UDAPEST BUDAPEST 70 P.O.B. 136 HUNGARY 
acne ane Cables : Ganzmavag Budapest 
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New bridge structures for the electrification of the 
Hamburg — Hamburg - Bergedorf suburban line, 


by Herbert Crestetsx1, Dipl.-Eng., Hamburg. 


(Eisenbahntechnische Rundschau, No* 6, June 1960.) 


The extension of the Hamburg S-Bahn, or city railway system, to include the suburban line to Bergedorf 
necessitated some bridge building work. Of this, special interest is focussed on a large overhead crossing 
or fly-over in which prestressing was used Sor the first time in railway steel bridge construction, and on 
a roadway underpass notable on account of its small member cross-section and very low weight/length ratio. 


A. BRIDGE CONSTRUCTION FOR 
THE CONVERSION FROM STEAM 
TO ELECTRIC TRACTION 


It may be somewhat surprising to find 
that the extension of electric suburban ser- 
vices to the Hamburg-Bergedorf suburban 
lines should have an influence on bridge 
construction. It is of course common know- 
ledge that the overhead electrification of a 
long distance line, which requires a structure 
gauge with 5.5 m headroom to accommodate 


the overhead wire, calls for the raising of 


bridges where a headroom of 4.80 m had 
been adequate for steam traction. But one 
might not expect to come up against a 
similar problem in regard to electric sub- 
urban lines with their lighter axle loads, 
smaller car bodies, and current collection 
through a third rail for which little space is 
required — and that only at about axlebox 
level. 

Yet it is the last-named, seemingly in- 
significant deviation from the normal struc- 
ture gauge (fig. 1) which gave rise to the 
bridge reconstruction works. In the case 


1 


of 22 engineering structures, it was necessary 
to prepare the bridge decking and guard 
rails and to provide new cable conduits. In 
the case of three bridges where the cross- 
section of the trough did not permit of 
the installation of the current rail, it was 
possible to solve the problem through raising 
the track by 15 to 20 cm. In these cases, it 
was found possible to accept the increased 
ballast weight after it had been established 
by refined methods of calculation that, if all 
the hidden reserves of the bearing capacity 
of the structure were taken into account, 
this capacity would be adequate. Certain 
supports, retaining walls and wing walls had 
to be reconditioned to enable them to take 
the increased load. 


Among all the modified or new bridge 
structures on the Hamburg-Bergedorf line, 
two (fig. 2) can be said to be of special 
interest : 


— the viaduct at Berliner Tor station, 
where pre-stressing has been used for the 
first time in railway steel bridge construc- 
tion, and 
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— the bridge across Hammerbrookstrasse, 
where a cross-section was adopted which 
resulted in the lowest-ever weight/length 
ratio in railway steel bridge construction. 


Auf den elektrisch betriebenen 
Strecken der Hamburger 

S-Bahn nicht genutzter Ter! 
des lichten Raums. 
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Hammerbrook tract which used to be a 
marsh or moor. When, in 1903, the tracks 
of the Hamburg-Berlin line were raised, the 
ground was generally raised to the level of 
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Fig. 1. — Structure gauge of the Hamburg electric suburban lines. 


a) Restriction of the normal structure gauge at station platforms; 


b) Space required for the train st 
c) Space required for the current 


N_B. — Uber Regenrinne 
Seitenwandblech = over side wall panels. — 
width over protection board, — Tiirhéhe 


op device; 
rail. 


over eaves. — Uber Briistung = over window railings. — Uber 
Grdésstes Mass liber Schutzbord = maximum 
height of door. — Héhe bei reinem Gleich- 


strombetrieb = headroom with D.C. working only. — Auf den elektrisch betriebenen 
Strecken = part of the structure gauge not utilized on the Hamburg electric suburban lines. 


B. VIADUCT AT BERLINER TOR 
STATION 


I. The structure as a whole. 


With this structure (fig. 3), the foundation 
conditions were not particularly favourable. 
The rail level of the bridge is at approx. 
+12.00 m above datum whilst the ground 
water table is at +-0.10 m, and firm bearing 
soil at —7.50 m. ‘The site is part of the 


+-7.00, and the structures were founded on 
wooden piles of 7.50 m length. The choice 
of the cap level was governed by the highest 
water level so that the structures carried by the 
pile platform had a height of approx. 12 m. 
A similar method of foundation for the new 
viaduct would have called for concrete piles 
of about 12 m length and would have been 
very expensive as it would have been difficult 
to drive the piles between the tracks. As 
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the 60 to 80 cm thick strata of moor have 
been subjected to the load of the embank- 
ment fill for fifty years already, it 1s reason- 
able to assume that the water has by now 
been squeezed out by the additional load. 
It was therefore decided to place the new 
piers and abutments for the statically deter- 
minate bridge structures on shallow founda- 


May 1961 


a length of 39 m each. Certain structures 
and piers still available from an earlier 
flyover in approximately the same align- 
ment, which had been removed in 1934, 
were not suitable for the suburban structure 
gauge. Moreover, their reconstruction would 
have been very expensive due to changes in 
levels. 


S-Bahn=| /8erge 
steig 4 rt 


a0 


Fig. 3. — Plan of new flyover at Berliner Tor station. 


N.B. — Stitzweiten der Oberbauten = bridge spans. - 
nach = from/to, — Bahnsteig 


tions. ‘To save weight and to keep the 
ground-bearing pressure small, the new 
abutment was designed as a cavity structure 
whilst the piers were designed as steel gan- 
tries. If settlements are experienced, these 


can be subsequently adjusted by means of 


adjusting devices at the supports. 

The viaduct consists of seven new spans. 
The three at the eastern end, Nos. | to 3, 
have a uniform length of 10.58 m each, the 
fourth span, bridging the tracks to and from 
Liibeck, is 19.60 m long, the fifth has a 
length of 17 m, whilst the two last ones have 


- Richtung Hamburg Hbf . = 
platform, — S-Bahnsteig = 


to Hamburg Central Station. — Von/ 
suburban line platform. 


Il. The three Eastern bridge spans. 


Spans |, 2 and 3 have been constructed 
as continuous girders over three spans, with- 
out ballast, with a deck composed of flat 
steel, and with rubber supported permanent 
way. This design, illustrated in figure 4, has 
enabled the height of construction to be 
reduced to as little as 0.79 m. 


Each span is composed of the two main 
girders, spaced at 3.7 m centres. They 
consist of wide-flanged beams IP 65 which 
are reinforced by welded flange plates at the 
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supports and mid-span zones exposed to the 
highest bending moments, and which follow 
the curvature of the track, with a curve 
radius of 300 m. In this way, it was possible 
to reduce the main girder spacing to a 
minimum so that the width of the bridge 
deck, the length of the box-type cross-girders, 
and the weight of the bridge deck could be 
reduced. 


HEIDENKAI 
WERKTAGS VON | 


box girders so as to maintain the torsional 
rigidity and the correct shape of the box 
girders. If I-beams had been chosen as 
cross-members, it would have been necess- 
ary to provide one at each tie plate. ‘This 
would have increased the weight by 700 kg, 
and the aggregate length of the welds by 
130 m. With the design eventually adopted, 
each cross-member carries the weight from 


Fig. 5. — Underside view of span 2, above the entrance to the platform of the Bergedorf line. 


The bridge deck proper, placed at the 
level of the top flange of the main girders, 
consists of non-ballasted, enclosed 10 mm 
thick plating which, together with the tra- 
pezoidal cross-stiffeners built up from folded 


plates, forms a number of box girders of 


hight torsional rigidity, ‘These are particul- 
arly well suited for the torsional stress, 
caused by the wheel loads, to be absorbed 
in the form of shear stress. ‘This bridge deck 
structure, which has not secondary rail 
bearers, is particularly economic. 

The spacing of the box-type cross-girders 
is approx. 1.32 m. Their webs come to lie 
below the tie-plates supporting the rails. At 
the points where the loads are introduced, 
transverse diaphragms are welded to the 


two tie plates. The design has resulted in 
an aesthetically satisfactory, smooth under- 
side view of the superstructures (fig. 5). 


The footway structure consists of the 
corbels, edge beam, inner longitudinal beam, 
the beams bearing the cable conduit which 
rests on the corbels, and the hinged warted 
plates of the footway which consist of sepa- 
rate panels and also serve as cable conduit 
covers. ‘The railing posts are hollow steel 
sections, and the railing bars angle irons. 


A mid-span joint, required for erection 
purposes, extends over the whole cross- 
section of the bridge. Superstructure and 
footway structure, both consisting of M 
St 37 steel, are all-welded except for the mid- 
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span joint and the connections between 
these two structures which are riveted in situ. 

The fixed and expansion bearings of the 
bridge consist of cast steel, GS 52.1. In the 
vicinity of the bearings, the cross-girders are 
protected against overturning by means of 
tie rods and turnbuckles. Those at the ends 
of the bridge are also protected against 
lifting by means of anchors embedded in the 
piers. 


Ill. Spans 4 to 7. 


Consideration was given to the question 
whether a section of spans 4 to 7 should be 
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features. In contrast, spans 6 and 7 which 
bridge the Ohlsdorf stem line and therefore 
require larger spans, are distinguished by 
the fact that they are, for the first time in 
railway steel bridge construction, designed 
as prestressed structures. 


a) Prestressed steel 
Spans 6 and 7. 


1. Basic principles, 
programme. 


calculations, and testing 


Spans 6 and 7, each 39 m long, are situated 
in a curve of 386 m radius, with a rise of 
60 cm. ‘Taking into account the relative 


Ansicht 


Fig. 6. — Prestressed flyover span. 


N.B. — Ansicht = elevation. — Quertrager = cross-girder. — Spannvorrichtung = tensioning device. 


replaced by an embankment but this was 
found to be uneconomic and undesirable. 
Because of the poor subsoil, the long parallel 
wing walls which would have been necessary 
would have been more expensive than the 
steel spans. Morevoer, visibility on the 
approach to the station would have been 
impaired to an undesirable extent. It was 
therefore decided to use steel spans. 
Spans 4 and 5 do not offer any special 


levels of the old suburban line below and 
the new line on top, one obtains, for the two 
straight main girders, a spacing of 6.0 m 
(fig. 6). If the main girders had been given 
the conventional height of one-tenth of their 
length, i.e. 3.90 m, they would have obscured 
a large part of the train windows. This 
would have run counter to the passengers’ 
wish for a free view, and was to be avoided 
if that could be done without economic 
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sacrifice. Also from an aesthetic point of 
view, main girders of such great height 
would have provided an_ unsatisfactory 
appearance from the platform of the low- 
level line which is crossed at an acute angle. 
It therefore seemed logical to reduce the 
height of the girders by resorting to pre- 
stressing. Even if this first trial with pre- 
stressing in railway steel bridge construction 
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occur seldom or never, of the bridge being 
needed for loads of the magnitude of loading 
diagram S. Finally, it was laid down in 
connection with the proposed prestressing 
that this method should be economically 
superior, or at least not inferior. The solu- 
tion developed on this basis is illustrated in 
figures 7 and 8. 

In view of the novelty of the task, an 


Fig. 7. — Prestressed spans at the western end of Berliner Tor station. 


would not have provided a fully convincing 
structural solution, the risk was not unduly 
great. 

Having regard to possible diversions of 
main line trains, and to the use of cranes, the 
bridges of the Hamburg suburban system 
are designed for loading diagram S, cor- 
responding to a weight of 10.4 t/m. The 
normal suburban trains, however, weigh no 
more than about 4.0 t/m. It was therefore 
specified for the construction of the pre- 
stressed bridge that the spans should be able 
to carry the normal, comparatively light 
suburban trains even without the aid of the 
prestressing device, whilst the latter would 
have to be used in the event. which may 


extensive research and testing programme 
was required in order to verify the theoretic- 
al assumptions as well as the agreement 
between theory and practice. 
gramme comprised 


This pro- 


at the works: 
— testing of the cables and determination of 
the modulus of elasticity: 
- testing of the cable heads; 
at the works and on the site 


- determination of the cable forces intro- 
duced: 


— determination of the web plate stresses in 
the vicinity of the tensioning device; 
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— Investigation of the stress configuration 
in main girders, deck and bracings: 
in the finished structure 
— investigations on the effect of running 
trains. 
The tests were carried out with the bridge 
testing train of the Central Office of the 
German Federal Railways, Munich. 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 313 


to a special test (fig. 9). An initial load of 
10 t was raised, step by step, to 30, 50, 70, 
90 and finally, 110 t, corresponding to the 
prestressing load required at the bridge. 
Subsequently, the load was made to fluctuate 
ten times between 110 t and the traffic load 
of 140 t, and another three times between 
110 and 160 t, followed by the destruction of 
the cable in order to determine its actual 


Fig. 8. — Prestressing cable heads. At the head on the right, the hydraulic appliance has 
not yet been removed. 


2. Testing of the cables, and determination of their 
modulus of elasticity. 


Due to the method of manufacture and to 
heir structure, the modulus of elasticity of 
ables differs greatly from that of their basic 
naterial. But if cables are to be used for 
tructural purposes, an exact knowledge of 
he modulus of elasticity is indispensable. 
‘or that reason, a 3 m long specimen of a 
yatent-sealed cable of 59 mm diameter, with 
he same characteristics as the cable which 
vas to be used for the bridge, was subjected 


ultimate load. The stress/strain curve based 
on the test results yielded a mean value of 
E = 1.6 x 106 kg/cm2. A fatigue strength 
test was not considered necessary as the 
fluctuation range in normal service is very 
small. With an initial stress of 4.64 t/cm2, 
this range is no greater than 0.44 t/cm2, even 
with loading diagram L; it is very much 
smaller with the electric suburban trains 
which are virtually the only trains to use the 
bridge. 

An investigation has also been carried out 
into the question of the twist of the cable 
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head caused by traffic loads. This twist, 
where the cable remains straight while the 
superstructure and the cable head fixed to 
it are sagging, may amount to 1°. The cable 
head twist will have about the same effect as 
a shearing force of the kind exerted in the tests 
carried out by Klingenberg for the cables of 
the Rodenkirchen bridges. According to the 


Fig. 9. — Cross-section of prestressing cable 
(59 mm dia.). 
Cable Tensile 
structure strength 
1 round wire 3.50 mm | =e = 
36 round wires 3.25 mm 160 kgjmaae 


21) wires of trapezoidal 4.50 mm 5 
26 { cross-section thick 190! kg/mm? 
29 ) P53: 4.50 mm , 4 
34 | «S»-wires thick 140 kg/mm2 


Length of lay = 10 D; nominal cross-sectional 
area 2492 mm2; theoretical ultimate load 365 t; 
actual ultimate load ascertained during acceptance 
test on 14th February 1958 : 340 t; delivered by 
Westfalische Union A.G. fiir Drahtindustrie, Lipp- 
stadt Works. 


results of these tests, (1) the cable subjected 
to a shearing force and to a basic stress of 
4.3 t/cm2 was able to sustain 2 million cycles 
of a stress fluctuation of 1.5 t/em2 without 
showing fatigue effects. Having regard to 
the frequency of the maximum values proved 
by calculation, and to the small amplitude of 


ees 


(1) Special brochure « Rodenkirchen », poet 
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the stress fluctuations actually occurring 
in normal operation, it was regarded as un- 
necessary to take special measures at the 
cable heads. 


3. Testing the cable heads. 


The examination of the cable heads, 
which consist of cast steel GS 52.1, was 
intended to ascertain their performance 
when their lugs are subjected to a load of 
55 t per lug corresponding to the prestress- 
ing of the cables in the structure. In particul- 
ar, it was intended to determine the deform- 
ability of the material and the ultimate load 
of the cable heads, as well as the slip of the 
interlocking cone, cast in high-grade zinc 
in accordance with German Standards 
DIN 1706, with which the cable is held in 
the cable head. The degree of slip was 
measured at a load of 5, 10, 20, 30, 50, 70, 
90, 110, 130 and 140 t, respectively (fig. 10). 
The penetration of the compound and the 
wires into the cable head was measured at 
point A, and the emergence of the cable from 
the cable head at another point, B. With a 
load of 140 t, these two measurements were 
nearly identical, viz. 3.26 and 3.30 mm, 
respectively. When the load was increased 
further, one of the lugs was destroyed at 
344 t. The safety factor of the cable heads, 
with a prestressing load of 110 t, was thus 
3.1, A test carried out on a second cable 
head yielded similar results. 


4. Determination of the cable forces introduced. 


The cable forces were determined from : 


a) the pressure gauge the 


readings at 
hydraulic jacks; 


b) the cable elongations measured at the 
prestressing appliance; 


c) the elongations measured at the cable 
ends; 


d) the elongations measured at the draw 
plates; 
e) the frequencies of the cable vibrations. 


According to the results of earlier calibra- 
tion tests, there exists, between the cable 
force S (in t) and the vibration frequency f 
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(c/s), the simple relationship S = 9.3 /2. 
This is used, in particular, for subsequent 
measurements, without costly testing ap- 
paratus, of the stress decrease in the cables 
due to creep. 

The theoretically necessary prestressing 
force of 115 t was applied at the works in 
several stages, and was again removed after 
the measurements referred to under (d) and 
(e) above had been taken. Before the girders 
were transported to the site, they were sub- 
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Stress in all the four cables. A cable vibration 
test carried out on 17th September 1959 
revealed, as expected, a decrease of the 
cable force to roundly 109 t, the individual 
results being as follows : 


Span 6 Span 7 
Aa 108 t 106 t 
Ai ets 109 t 
Bi Lt 109 t 
Ba 109 t 109 t 


Prifseite 


Festhalteseite 
(SondermaBnahmen) 


MeBstelle B 


MeBstelle A 


Fig. 10. — Device for testing the cable head lugs. 


N.B. — Priifseite = testing side. — Festhalteseite (Sondermassnahmen) = 
fastened side (special measures). — Messstelle = measuring point. 


jected to half the prestressing force in order 
to anticipate part of the creep which is a 
function of time. During the tests on the 
site, carried out in the time from 7th to 10th 
April, 1959, the cable force was found to 
drop at the rate of about | t per day, which 
must be ascribed to the elasticity of the 
cable anchorage and the creep in the cable 
itself. Through post-tensioning. and insert- 
ing 5 mm thick plates, the full prestressing 
force of approx. 116 t was eventually restor- 
ed. By connecting the four hydraulic ap- 
pliances in parallel to the same hydraulic 
system, it was possible to obtain an even 


The cable forces are still being observed, 
especially in view of the fact that an acceler- 
ation of creep is expected to take place as a 
result of the traffic load after the commision- 
ing of the bridge on 4th October, 1959. 
Experience indicates that a state of stability 
will be reached, and that the creep will cease. 

An important factor is also the variation 
in the cable force under traffic. During a 
load test carried out with two Class 44 
steam locomotives which, with a service 
weight of 190 t each, are at present the 
heaviest locomotives of the German Federal 
Railway, and by which the main girders 
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were subjected to a load corresponding to 
73 %, of loading diagram S, the cable force 
was found to increase by 11 t. The cable 
frequency increased correspondingly from 
3.52 c/s for the bridge without load to 3.70 
c/s for the loaded bridge. Even a simple 
rhythmic excitation by hand showed that it 
was possible to generate considerable am- 
plitudes of the freely vibrating cable by 
means of small but resonant forces. ‘The 
resonance position is governed by the natur- 
al frequency of the bridge which amounts to 
3.8 c/s without load, and up to 2.0 c/s 
(depending on the magnitude of the load) 
under load. The amplitudes observed, viz. 
+ 4 mm during runs with two locomotives, 
and + 7 mm during runs with one locomo- 
tive, were small; but they are likely to be 
somewhat greater with the lighter load of 
the suburban trains. It must not be over- 
looked, either, that a much greater displace- 
ment (approx. 60 mm) of the centre of the 
cable in relation to the superstructure is 
caused by the sag under the load of two 
Class 44 locomotives. In order to prevent 
vibrations, the cable was therefore fixed at 
two points. 


5. Web plate stresses in the vicinity of the prestress- 
ing appliances. 


In the vicinity of the prestressing ap- 
pliances, the web plate was reinforced, from 
12 to 24 mm, over the length of the first 
panel (3.25 m) and to a level of 760 mm 
above the bottom flange so as to permit, 
without risk, the introduction of the high 
cable force. Measurements revealed a high 
eccentric stress in the. vicinity of the pre- 
stressing appliance, amounting to -+ 990 ke 
cm? on the inside and — 136 kg/cm2 on the 
outside so that it was indicated to extend the 
stiffenings of the prestressing appliance far 
into the next panel. This resulted in a nearly 
symmetric stress. ) 


6. Examination of stresses in main girders, deck 
and joints. 


ple a not inconsiderable extent, the main 
girder stresses are influenced by the way in 
which the bridge deck and the joints are 
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the main girders. If the 
taken into account, the 
theoretical and measured values show a 
good agreement. That the measured values 
are generally lower is, as usual, due to the 
greater rigidity of the connections and to the 
friction in the bearings, but also to other 
influences which, with three-dimensional 
structures, cannot be taken into account in 
the calculation through simplifying assump- 
tions. 


connected with 
bond effect is 


7. Examination of the behaviour of the bridge 
under traffic. 


The dynamic coefficients ascertained on 
the occasion of the determination of the 
stresses introduced by one and two Class 44 
locomotives passing over the bridge at a 
maximum speed of 54 km/h were found to be 
around 9» =1.15, a value considerably 
below the BE values of 9 = 1.32 for a girder 
of 39 m span. A similar picture was obtained 
of the dynamic coefficients for the cross- 
girders and bearers. 


b) Economic assessment 
of the prestressing solution adopted. 


It remains to answer the question whether 
the prestressing solution adopted for this 
bridge at Berliner Tor has been economic- 
ally superior to conventional methods or 
whether it has, at least, given rise to the 
expectation that the method will be econom- 
ically superior after adoption of certain 
modifications to the structural elements and 
materials here used. 

The first part of this question can be 
commented upon as follows : An exact com- 
parison of weights and prices is a very 
difficult proposition since an exact calcula- 
tion of the system which, due to the pre- 
stressing and the active contribution of the 
bridge deck, is statically indeterminate to 
the seventh degree, would call for an excess- 
ive mathematical effort. The examination 
has therefore been confined to a comparison 
of the prestressed main girders with non- 
prestressed girders, the active contribution 
of the bridge deck being taken into account 
by way of approximation only, whilst deck, 
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joints, bearings and stiffeners were deemed 
to be identical in both cases. 


The weight comparison of the main 
girders showed the following results : 


— for a prestressed superstructure, exclud- 
ing the weight of the cable, 35.9 t of 
Steel 52 and 7.0 t of Steel 37, to which 
must be added 3.28 t for the prestressing 
parts, a total of 46.2 t; 

— for a non-prestressed superstructure with 
the same deflection, 45.6 t of Steel 52 
and 4.7 t of Steel 37, a total of 51.3 t. 


If the weight of the deck, 43.6 t, is includ- 
ed, the total weight of the prestressed bridge 
(approx. 89.8 t) is about 5° lower than 
that of the non-prestressed bridge (94.9 t). 


If the prices are compared, the cost of the 
prestressed structure is found to be DM 
2 800 higher than that of the non-prestressed 
structure. In looking for the reasons for this 
unexpected result, it must be remembered 
that the contractor’s offer was mainly based 
on the use of Steel 52. It was obvious from 
the outset that the economic advantage of 
prestressing would be more pronounced in 
the case of a steel with lower ultimate 
strength. But as no experience was available 
with prestressed steel railway bridges, it was 
necessary to ensure that, if the experiment 
should be unsuccessful, the bearing capacity 
remaining after the elimination of pre- 
stressing should still be as high as possible. 
For that reason, the use of Steel 37 was 
greatly limited. 


Further comparative calculations were 
therefore carried out in order to ascertain 
the costs in the event of Steel 37 being used 
exclusively. It was found that the prestressed 
structure would then have a weight of 
47.94 t, plus 3.28 t for the prestressing parts, 
l.e. a total weight of 51.2 t. The weight of 
the non-prestressed structure would be 
59.8 t. The weight advantage of the pre- 
stressed structure would therefore be greater, 
and also the price comparison is, this time, 
in its favour to the extent of 1 800 DM. 

That the prestressing of the welded rail- 
way bridge at Berliner Tor did not prove to 
be economically superior is also due to the 
‘act that, without traffic load, the prestressed 
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superstructure is subjected to compressive 
stresses only, whilst the bottom flange of the 
non-prestressed girder has tensile stresses. 
Under traffic, the stress in the bottom flange 
of the prestressed girder changes its sign, 
whilst that in the non-prestressed girder is 
merely intensified. According to the German 
regulations DV 848, however, the maximum 
permissible stress in welded structures is 
considerably lower for alternating stresses 
than for fluctuating unidirectional stresses. 
This feature is more pronounced for Steel 52 
than for Steel 37. It must also be taken 
into account that in the web plate, as a 
result of prestressing, the K value, i.e. the 
ratio min op/max op, changes from + 1 to 
1, 

It has not been demonstrated that the 
adopted prestressing force of 230 t per girder 
does in fact respresent an optimal solution. 
Although the optimum may be expected to 
lie around 280 t, it must not be overlooked 
that the extra cost of stronger cables increases 
rapidly and that, to some extent, the K 
values too become less favourable. 


With the non-graduated type of prestress- 
ing here adopted, the prestressing cables 
should have been made not quite so long. 
The probably most favourable distance of 
the cable heads from the bearing is thought 
to be at least 6 m, compared with the 
distance of 2.5 m actually chosen. ‘This, too, 
would have entailed a minor saving. 


A further reason for the lack of economic 
success must no doubt also be seen in the 
fact that the cables have been arranged ina 
straight line over almost the whole length 
of the bottom flange, without graduation. 
It is undoubtedly more economic to adapt 
the prestressing forces, and hence the bend- 
ing moments generated by them, to the local 
statical requirements. This might, for 
instance, be achieved by the symmetrical 
shifting of the individual prestressing cables 
suggested by Professor Fritz (2) where the 
cables overlap in the mid-span zone, or by 
local reinforcements of the cable. Admitt- 
edly, this would call for an increased number 


(2) VDI-Zeitschrift, Vol. 98 (1956), No. 22, 
p. 1280. 
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of cable heads, and for more prestressing 
work. Even an approximately parabolic 
alignment of the prestressing cable would 
enable the prestressing force to be better 
adapted to the requirements at each cross- 
section though, in this case, it would be 
necessary to overcome certain structural 
difficulties at the cable guide points. 


Ko + zulog 


Without taking into account the reduc- 
tion in permissible stress due to alternating 
loads, the variables contained in the formula 
assume, in our case and for Steel 52, the 
following values : 


zulcz == permissible tensile stress in the 
steel prism = 2 400 kg/cm2, 


zuloy = permissible compressive stress in 
the steel prism = 2 100 kg/cm2?, 


zul 6, == permissible steel stress in the pre- 
stressing cable = 5 800 kg/cm2, 


ox, = cable stress due to prestressing and 
extraneous load = 5 800 kg/cm2, 


Oo} = final stress in the prism due to 
prestressing and extraneous load 
= 2 100 kg/cm2, 


Ex = modulus of elasticity of the pre- 
stressing cable = 1.6, 
E 2.1 

=— =— = 1. 

P Ex 1.6 aN 

k = unit cost of structural steel = 
#222 DM, 

kk = unit cost of prestressing cable = 


6 620 DM. 


Substituting these values for those in the 
formula, one obtains a ratio of K, : K = 1.2. 
Even under these conditions, the prestressed 
structure would thus be 20 °% more expens- 
ive than the non-prestressed structure. If 
the prestressing cable were replaced by 
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Another reason for the lack of economic 
success is the low maximum stress of 5 800 
kg/cm2 permitted for the prestressing cable (3). 
For a centrically prestressed steel prism, 
H. Sossenheimer (4) states the following 
ratio of the total costs K, of the prestressed 
prism, including the cable, and the total 
costs K of a non-prestressed, homogeneous 
prism : 


tensioning rods 140/160 under the conditions 
and rules of prestressed concrete construc- 
tion, with 8 = 1 and zulo,x = 0.55 x 16000 
= 8 800 kg/cm?2, one would obtain a cost 
ratio of K,: K = approx. 0.92. In this 
case, the prestressed structure would entail 
a saving of approx. 8 °%, assuming the same 
ratio of ky/k which is, however, likely to 
become smaller. 

Corresponding calculations for Steel 37 
yielded a cost ratio of Ky: K = approx. 
0.98 (i.e. a saving, through prestressing, of 
approx. 2 %,) for prestressing by cable, and 
a cost ratio of Ky, : K = approx. 0.81 (i.e. 
a saving of 19 °,) for prestressing by tension- 
ing rods. 

Although, strictly speaking, these cost 
ratios apply to centrically prestressed bodies 
only, it is permissible to conclude that, even 
with an eccentrically prestressed body, e.g. 
a bridge girder, the essential requirement is 
that there should be a major difference 
between the permissible stresses of the pre- 
stressing steel and those of the structural steel. 


Cc, NEW BRIDGES ACROSS HAMMER. 
BROOKSTRASSE 


I. Previous conditions. 


In the vicinity of Berliner Tor station, the 
electrified suburban lines cross Hammer- 


(3) Draft Standards DIN 1073, ultimate strength 
of individual wires 16000 kg/em2, yield limit 
14 000 kg/cm2. 


(4) Der Stahlbau, 1951, No. 10. 
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brookstrasse on a structure which used to 
comprise an 11.60 m long main span across 
the carriageway, and two 2.50 m spans 
across the two lateral footways. The ballast- 
ed spans used to rest by means of Gerber 
type hinges, on the columns which were 
always in danger of being damaged by 
colliding road vehicles. Abutments and 
column foundations rest on wooden piling 
of 10 m length. : 
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top flange of the box girder system. Here, 
a flange plate of 1052 mm width, 30 mm 
thickness at mid-span and 22 mm thickness 
at the ends of the bridge was fitted, which 
was supported on either side by 12 mm thick 
vertical plates welded to it. These plates 
were cold-folded by 90° with a rounding 
of 44 mm radius and form, further on, the 
supports of the welded wedge-shaped base 
plates of the rails (5). To these plates are 


Geplante spatere 


Erweiterung 
(Oleis Hamburg- 
Poppenbattel 


Fig. 11. — Cross-section of bridge span accross Hammerbrookstrasse. 


N.B. — Zwischenabdeckung = intermediate cover. — Rinnengefalle = gutter crossfall. — Geplante spatere 
Erweiterung = proposed future extension (track from Hamburg to Poppenbiittel). 


If. Design of the new bridge spans. 


The only design suitable for the two new 
bridges carrying the electrified line to Berge- 
dorf was a girder bridge over the whole span 
of 17.80 m. In view of the structural height 
of 1 m required for this purpose it was 
necessary to forgo the ballast, a decision with 
important consequences. The old abutments 
were so amply rated that, when the column 
foundations were included, the necessary 
modifications and additions to the solid 
structural parts were small. All the more 
thought had to be given to the superstructures 
which were designed as box girders. 


In keeping with the general track align- 
ment, the bridge carrying the Poppenbiittel- 
Hamburg track had to be given a horizontal 
curvature of 540 m radius. The other bridge 
is straight (fig. 11). The space between the 
rails was, to a great extent, utilized for the 


welded, by means of fillet welds, the vertical 
web plates of the box girder system which 
are likewise 12 mm thick and which are, in 
their turn, connected by fillet welds to the 
1600 mm wide bottom flange plate. The 
box girders thus formed are stiffened by 
eight intermediate semi-frame type dia- 
phragms, and two solid bulkheads at the 
ends. To avoid a reduction in the permis- 
sible compressive stress op in the bottom 
flange plate, two flat bars 170/10 are welded 
by means of continuous longitudinal fillet 
welds to the inside of each bottom flange, 
and serve to take up the cross-welds for the 
connection of the semi-frame type dia- 
phragms. Whether this measure is always 
effective in general application is a question 


(5) The plates correspond to design «Joarb 
104a» of the Central Office of the German Federal 
Railway, Minden. 
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which, on the strength of the latest knowled- 
ge derived from welding research, is justifi- 
ably doubted by renowned welding experts. 
Because of the low structural height avail- 
able, Steel 52 had to be used for webs and 
flanges, whilst the diaphragms, footway cor- 
bels and gutter corbels consist of Steel 37-13. 
Rubber-sealed inspection holes are provided 
in the bottom flange at the ends of the 
bridge. 

Design and appearance of the new bridge 
are illustrated in figures 12 to 15. 
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ally very satisfactory; they are also very 
economic as they offer many possibilities for 
varying the cross-section and making the 
most of the structural strength of the material 
and as they obviate the need for long welds. 

In German railway bridge building, the 
use of folded profiles is a novelty, in view of 
the stipulations of the official directives of the 
German Federal Railway (6) « Cold- 
folded plates may be produced by upright 
presses provided that the folds are moderate 
and, with low heights up to approx. 350 mm, 


Fic. 12, 


— Bridge across Hammerbrookstrasse. 


New spans, without columns, in the fore- 


ground; old spans in the background, 


Ill. The use of folded profiles. 


The design provided for the use of 909°- 
folded plates of Steel 52 (Siemens Martin 
steel of high weldability) as part of the top 
flange of the box girder system. Just as the 
welding method came to be generally ac- 
cepted thirty years ago, the use of cold- 
folded profiles for bearing structures is now 
becoming a widespread practice in steel 
construction. In lightweight steel construc- 
tion, and for the construction of motor car 
frames, this practice has already been 
adopted long ago, and has been found fully 
satisfactory even where dynamic stresses are 
encountered. Folded profiles are aesthetic- 


in the straightening machine with low-set 
rollers or inserted wedges, provided that the 
folds are moderate It was therefore 
necessary to pay close attention to the pro- 
posed applications of the cold-folding techni- 
que to the top flange of this bridge. 

In the case of the Hammerbrookstrasse 
bridge, the fold of the plate is 340 mm above 
the centre of gravity, in the compression 
zone of the cross-section. At this point, the 
stresses o amount to — 0.14 t/cm2 for dead- 
weight, and to — 1.36 t/em2 for deadweight 


.- »>. 


(6) « Technical Directives for Steel Structures », 
Regulations, No. 827 of the German Federal 
Railway. 
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plus live load. In the vicinity of the fold, 
this plate, consisting of Steel 52, is thus only 
utilized to the extent of 65 °% of the permis- 
sible stress. The fold, prepared in a special 
press, has a rounding radius of 44 mm, cor- 
responding to 3.7 times the plate thickness. 

During the folding process, the plate is 
pressed by the punch into the die and. by 
way of cold deformation, rounded at the 
desired radius. During the pressing, the 
degree of upsetting at the inner edge, i.e. the 
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cess is ensured. But also the material itself 
must conform to certain requirements. It 
must have a high ageing resistance if it is 
required, after the cold deformation of the 
folding process, to cope without deterioration 
with the fluctuating live load stresses. This 
condition can only be met by using killed 
steel where the requisite ageing resistance is 
ensured by the fine-grain structure. The 
plates used for this purpose must also be 
normalized. 


Fig. 13. — Main girder for the new bridge at Hammerbrookstrasse being prepared in the 
workshop. 


compressed edge, of the fold is small since a 
displacement of particles in this zone of the 
plate is largely prevented by the friction 
between the plate, and the press punch 
placed on it. In contrast, the plastic deform- 
ation of the particles on the opposite, tensile 
edge of the fold is much greater since, at 
‘hat moment of the pressing process, contact 
detween plate and die is confined to a small 
part of the rounding length. 

As a result of this process which prevents 
najor upsetting in the compression zone, the 
1eutral line will shift from the centre of the 
late nearer to the compressed edge. Press 
yunch and die must therefore be well adapt- 
-d to each other so that an unimpeded and 
ontinuous flow of material during the pro- 


Z 


During the folding, the plate is completely 
plastified on the compression side as well as 
on the tension side so that the stress will be 
constant throughout the plate thickness on 
either side of the neutral line, and will cor- 
respond to the yield limit. This stress is 
caused by the load introduced by the press 
punch. ‘The internal stress moments are 
balanced by the external moments from the 
punch pressure. As soon as the punch is 
removed, the internal moments, now releas- 
ed, attempt to reverse the deformation. As 
with the relief of a tie bar which had been 
loaded beyond the yield limit, this restora- 
tion will be of purely elastic character. The 
stresses caused thereby will therefore show a 
linear increase from the neutral axis to the 
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edges. Their distribution over the plate 
thickness will therefore differ from that of the 
constant yield stresses caused by the punch 
pressure. For that reason, the algebraic sum 
of both stresses can never become zero over 
the whole height of the cross-section. 


After removal of the punch and after the 
subsequent minor elastic rebound of the 


fold. to make full use of the material for the 
load stresses alone. 


Moreover, experience has shown that any 
welds on the fold are liable to cause a con- 
siderable reduction in the bearing capacity 
of the material in this zone. It is therefore 
necessary to avoid welds in the vicinity of 


the fold. 


Fig. 14. — Underside view of the new bridge span across Hammerbrookstrasse. 


rounding, there thus remains in the fold an 
inherent state of stress with alternating 
tensile and compressive stresses which are 
internally balanced. These residual stresses 
will take the form of compressive stresses on 
the plastically tensile side of the fold, and 
of tensile stresses on the plastically compres- 
sive side of the fold. ‘The residual stresses 
act along the circumference of the fold, i.e. 
perpendicular to the longitudinal axis of the 
bridge, whilst the load stresses act in the 
longitudinal axis of the bridge. But the 
latter, due to the partially restrained trans- 
verse expansion, also cause stresses in the 
direction of the fold which are additive to 
the residual stresses. In the circumstances, it 


will never be possible, in the vicinity of the 


The requirements can be summarized as 
follows : 


1. Folded plates should only be produced 
from killed steel with fine-grain structure. 
The plates must be normalized. 


2. The folding tools must be so shaped that 
the plastic flow of material can take place 
unimpeded and continuously without 
giving rise to visible upsetting phenomena 
on the compression side. The folding may 
therefore only be carried out at works 
where the process is fully understood, 
theoretically as well as practically, and 
where good modern tools are available. 


3. Because of the residual stresses, the -ma- 
terial must, in the vicinity of the fold, not 
be fully utilized for load stresses. 
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4. There must be no welds in the vicinity of 


the fold. 

Owing to the use of folded plates, the 
cross-section of the bridge across Hammer- 
brookstrasse represents a structurally and 
economically favourable solution. If it is. 
moreover, considered that all the folds are 
located in the compressive zone which is 
less sensitive from a fatigue strength point of 
view, and that they are merely subjected to 
unidirectional fluctuating stresses, and not to 


i 
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IV. Behaviour of the 


bridge under 
traffic. 


Because of the special design adopted for 
the cross-section, it appeared necessary to 
verify the behaviour of the structure under 
traffic. The tests were carried out with two 
three-axled testing cars with precisely 
known axle loads and wheelbase. One of 
these vehicles had the extremely heavy 
weight of 10.9 t/m, whilst the other weighed 


Fig. 15. — New spans of Hammerbrookstrasse bridge for suburban tracks. 


alternating stresses, there are, in this case, no 
technical objections against the use of folded 
plates provided that they are manufactured 
in conformity with the conditions listed 
above. It may be mentioned in passing that 
the range of stress fluctuation in this bridge, 
which is designed for loading diagram S but 
is normally only used by the lighter electric 
suburban trains, is smaller than is assumed 
in the relevant official specifications. If it is 
intended, in future, to place the fold at a 
zone subjected to higher stresses than those 
encountered at Hammerbrookstrasse, it will 
be necessary, especially with tensile stresses, 
to clarify experimentally the limit up to 
which the material can be subjected to load 
stresses. 


9.15 t/m. These tests were intended to show 
whether, in accordance with the assump- 
tions on which the calculations had been 


based : 


1. the stress distribution is linear over the 
height and width of the load-bearing 
cross-section; 


2. the maximum principal stresses in a critic- 
al cross-section remain within the permis- 
sible limits, with special regard to the 
folds in the cover plate; 


oo 


. the stiffeners are so effective that no de- 
formations endangering the stability of the 
box girder are encountered. 

Finally, it was intended to find out whether : 


4. it is possible to ascertain the magnitude of 
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the active contribution of these parts of the corresponding to loading diagram G (20 t 

cover plate (drain gutter) which are some axle load; 8.18 t/m), the new bridge weighs 

distance away from the box girder proper no more than 22% but is able to carry trains 

and have been neglected in the calculation. of loading diagram S (25 t axle load; 10.4 t/ 

The tests carried out with the bridge ™)- 
testing train of the Central Office of the One disadvantage of the new structure 1s 
German Federal Railway, Munich, con- the weight of the bearings which are several 
firmed the expected performance of the times heavier than the simple friction 
bridge in all respects. Even at the folds, to 


which special attention was paid, the princip- Aisi Querschnitt 
al stresses remained within the magnitude of — SSS 

the stresses in the longitudinal direction of 5 i we Bt a ) 

the bridge, calculated by conventional om | ee 

methods of stress analysis. This also apphed ie — nn fT 


when the vertical traffic load was sup- — 4 
plemented by a horizontal load (transverse 
shock, and centrifugal force). 


Alter Zustand Gewicht des Oberdaues mit Serweg: 276 t 


bemcht der Stitzen Zot 
V. Economic assessment of the solution Gesamigewicht: 30.5% 

adopted. 

The economic success of the solution {Es as oes es ae ee SE 4a 
adopted for the bridge across Hammer- | 5 ‘ T a | —i- i 
brookstrasse is clearly demonstrated by the Sr aentent. Fes | Fs 150 
fact that the steel weight and price, exclusive ets a 
of erection, of the main girder alone, as anc 
stated in the tender, was 0.888 t/m and ‘ix ; 

DM 1 500/t, réspectively, compared with .  %-----) 22 bee 4 


1.47 tim and DM 1 700 in the next lowest “7 °° — semen ce ool chorale eo 
% einschi. Kadelkan LoNt 

tender. In the course of the further design 

work, the weight of the 18.56 m long main 


: F = werschnitte im vierfachen MaBstab 
girders alone had to be increased to 0.963 t . eee ae 
m. If the footway and railing on one side are» - i 


added, the weight amounts to 1.18 t/m. : Ht _} 
With the cable conduit beam and bearing, SS = 
finally, the total weight adds up to 1.58 t/m. 


If the new bridge is compared with the Alter Oberbau Never Uberbau 
old one, built about fifty years ago (fig. 16), 
the first obvious advantage is the improve- Fig. 16. — Comparison of old and new bridge 
ment of the roadway through elimination of Spats At Pamimnerroorae ase. 
the intermediate supports. Admittedly, Old condition : 
however, this advantage can not yet be Weight of superstructure, with footway 27.6 t 
utilized to the full, as the three old bridges Weight of columns 0° 4.0.8. awh ¥ 2M 
with intermediate supports, carrying the ee oeEa 
adjacent tracks, continue to be in existence Total weight... . . 30.5t 
for the time being. After reconstruction : 

But the progress achieved in steel bridge Weight of superstructure, with footway 22.0 t 
ae Seas is demonstrated most strikingly Total weight, including cable conduit. 25.5 t 

the reduction i Bi Jhils > 7 i 

Ne ( on. in weight. Whilst the old N.B. — Ansicht = elevation. — Querschnitt = cross-section, 
structure, with footway and columns, weigh- — Querschnitte im vierfachen Masstab = cross-section on 
ed 30.5 t, yet was only able to carry trains cunaninteseis na ee 


superstructure. — Neuer Uberbau = new superstructure. 
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bearings of the earlier bridge which were 
regarded as adequate at the time. 

Admittedly, the weight comparison is not 
quite conclusive because of the elimination 
of the ballast. The noise caused by the train 
on the steel structure with rubber-supported 
rails will call for some further expenditure 
with a view to noise abatement. Experience 
at this bridge as well as at all other bridges 
with rubber-supported rails without ballast 
suggests that the applicability of this type of 
steel bridge design is likely to be economic- 
ally limited by the expenditure to be incur- 
red for noise abatement. 


D. CONCLUSIONS 


The civil engineering works at and near 
Berliner Tor station, required for the exten- 
sion of electric suburban services to Berge- 
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dorf, were commenced in the autumn of 
1957, and were completed in the autumn of 
1959 in good time for the commencement, on 
the timetable change-over date of 4th Octo- 
ber, of normal services over the reconstructed 
bridges. This was the best award for the 
successful efforts made by all concerned. 


The prestressed bridge at Berliner Tor 
station was designed and supplied by Dort- 
munder Union. Design and construction of 
the bridge across Hammerbrookstrasse were 
entrusted to the Rheinstahl - Eggers - 
Kehrhahn stcel works, Hamburg. In both 
cases, valuable ideas were contributed by 
Professor Pelikan of Stuttgart Technical 
University who acted as consultant. The 
author is also especially indebted to his col- 
league, Mr. Knebel, Chief technical inspec- 
tor. 
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Report on automatic train operation, 


by F. Grorce, General Railway Signal Co. 


(From the Signal Section Proceedings of the Association of American Railroads, Vol. LVI, No. 2; Minutes of the Sixty- 
first Annual Meeting, Chicago IIl., October 11, 12 and 13, 1960.) 


Automatic train operation is just another 
form of « automation », and « automa- 
tion » is today synonymous with our con- 
cept of modern industry. The word itself, 
« automation », appeared about 1949. I 
mention this simply to place emphasis on 
the fact that railway signaling has employed 
automation many years, perhaps the most 
common form being the automatic inter- 
lockings which have displaced manually 
operated ones. We could just as well have 
said during the past thirty-odd years that 
we were « automating interlockers », in- 
stead of saying « installing automatic inter- 
lockers ». 

General Railway Signal Company’s ex- 
perience and contribution to the art of 
automating the operation of motive power 
has been by degrees. As the old saying is, 
« It is better that we walk before we run ». 
So it has been in this line of endeavor. 

To start with, many of the basic tools 
applicable to automating operation of loco- 
motives, and trains if you will, have been 
in use for many years. Train control, 
coded track circuits, cab signals, speed con- 
trol, remote supervisory control systems, 
and the component parts that make up 
such systems, dependable safe relays, cod- 
ing equipment, governors, and many others. 
‘These are the basic tools. 

Above all else in importance, the quality 
that must be incorporated into automatic 
train operation is « safety ». Railroad 
signal departments have trained themselves 
in, and practiced the art of, safe design 
and operation, including the « closed cir- 
cuit principle of operation ». So, it seems 
to me quite natural, and it makes good 
sense, that the signal companies and the 
signal departments should contribute to 
the thinking going into the development 


of automatic train operation. For this 
reason, I am most grateful of being accord- 
ed the privilege of bringing this subject 
before you here today. 

At GRS, the beginning of motive power 
automation was in 1957. At that time, we 
furnished a_ battery-operated mine _ loco- 
motive equipped for remote control. The 
control was by an operator viewing the 
operation, and directing via inductive car- 
rier. The controls provided were forward, 
reverse and stop, with brakes applied at 
stop and at any time the carrier should 
fail to be received by the locomotive. 

Then, in 1958, the remote control of a 
Diesel locomotive was discussed with the 
Quebec North Shore & Labrador Ry. With 
their cooperation, the system, also em- 
ploying inductive carrier control, was de- 
veloped and the equipment installed, test- 
ed, and placed in service on a Diesel loco- 
motive used in a gravel pit on their lines. 
Its work there is of a repetitious nature, 
hauling loads of gravel to a dumper, dump- 
ing the loads one by one, and returning 
the same empty cars to the shovel, where 
they are loaded, one by one. The system 
also included the dumping controls, the 
cars being pneumatic dumpers. 

Also in 1958, at the suggestion of the 
Quebec North Shore & Labrador Ry. and 
their associates, an informal symposium was 
held at Sept Isles, Quebec. Operating offi- 
cials from a number of railroads participat- 
ed in discussions concerning how railroads 
would, and could, be operated in the fu- 
ture. The conclusion was that automation 
of more railroad operations, including oper- 
ation of trains, would have to come even- 
tually if railroads are to survive as the 
mainstay of mass land transportation. 

In late 1958, the New York City Transit 
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Authority presented a challenge to the in- 
dustry, asking what could be offered in 
the matter of applying automation to their 
operation. 

The General Railway Signal Co., along 
with the Union Switch & Signal Co., both 
with the collaboration of Westinghouse Air 
Brake Co. and the Car and Signal Depart- 
ments of the Transit Authority, accepted 
the challenge. The rules laid down by the 
Transit Authority were that we could do 
it anyway we liked, as long as the systems 
produced by the two signal companies 
were safe, and were compatible; that is, 
a GRS equipped train could run over a 
US & S equipped track, or vice versa. 

The operation proposed for this automa- 
tion project was the Shuttle Line, where 
trains run back and forth, each on_ its 
own track, between Grand Central and 
Times Square stations. This operation has 
to be ultra-safe, and dependable — it car- 
ries passengers. To accomplish this, we 
found ourselves back to the track circuit. 
Track circuits of carefully determined 
length, on which rate codes are employed 
to transmit the wayside to train commands, 
were set up on a test track simulating the 
Shuttle Line. Here, since early this year, 
a three-car train comprised of MU type 
subway cars, has been given its « shake- 
down » tests. Its operation is programmed, 
as would be required in the Shuttle. Oper- 
ation of throttle, air brakes, dynamic 
brakes, car doors and train sign changes, 
are all automated. Time will not permit 
describing here the safety checks incorpor- 
ated into this system, and working very 
well, but I cannot help commenting on 
the requisite that station stops must be 


accomplished within plus or minus 5 feet 
of a given point. It is being very well 
met, with feet, not inches, to spare. And 


this with load and no-load train conditions. 
Work is now underway to move this train 
into the Shuttle, onto an assigned track. 

The Canadian National Rys. Research 
Department, recognizing the importance of 
maintaining a progressive approach to the 
future operation of railways, had also given 
thought to how operation of trains might 
be automated, and early in 1959 issued 
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a report entitled « Automatic Operation 
of Trains — Logic of Alternate Methods ». 


In their analysis of the problem, they 
arrived at certain conclusions, for example, 
that : 


1) continuous, not intermittent, control 
would be required; 


2) radio, or lineside induction control, 
would not provide the degree of protection 
against control errors and wayside abnor- 
malities; nor properly interlock and direct 
controls to trains at specific places, as would 
continuous communication via the rails 
themselves; 


3) track circuits would provide conti- 
nuous train control and cab signals, and 
could be integrated with the supervisory 
control of (Cle: 


4) the system should be able to provide 
situation « reports »; 


5) directing of trains from a central 
brain would be preferable. Supervisory 
controls would originate there, and be mo- 
nitored and checked enroute to trains; 


6) locomotive intelligence — only that 
required to properly interpret controls re- 
ceived, and self-check train and locomotive 
conditions, is all that would be required 
on the train; 


7) the central brain would eliminate 
duplication of intelligence equipment on 
many locomotives. 

It stands, therefore, that the necessary 
facilities can be provided by conventional 
CTC, with minor additions at the central 
office, and with rearrangement and addi- 
tions in local field equipment, plus the 
locomotive equipment. Also, with proper 
signaling, conventional trains can be oper- 
ated over the line, interspersed with ATO 
trains, if desired. 

In July 1959, a meeting instigated by 
Mr. J.W. Buford of The Hanna Min- 
ing Co., was held in Montreal. ‘This was 
attended by representatives of interested 
railroads, General Motors Diesel Limited of 
Canada, and myself as representative of 
General Railway Signal Co. 
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At this meeting a committee was formed 
and charged with the task of producing 
specifications, both as regards operation 
and the equipment required to cover appli- 
cation of automatic train operation; ATO 
as it had now become called, to a specific 
piece of railroad: namely, the Carol 
Lake Ry., a line approximately 40 miles 
long, then under construction branching 
off from the Quebec North Shore & La- 
brador Ry. at their mileage 224. 

Some preliminary operating requisites, 
furnished by the Quebec North Shore 
& Labrador, defined the trains under con- 
sideration as ore trains comprised of appro- 
ximately 125 cars, about 11000 net short 
tons, to be powered by four 1750 HP 
Diesel locomotives. 

At this point, the Air Brake Division of 
Westinghouse Air Brake Co. was invited, 
and accepted the invitation, to participate 
in the project. So now we had a team 
comprised of interested railroads, General 
Motors Diesel Ltd., Westinghouse Air 
Brake Co. and General Railway Signal Co. 

Engineering consultations followed, and 
each of the three supply companies deter- 
mined and assumed responsibility for that 
part of the system peculiar to their normal 
line of endeavor. ‘The locomotive manu- 
facturer produced the necessary direct pro- 
pulsion and dynamic brake controls, along 
with the required interlocks and safeguards 
of engine operation. The air brake 
people, the control and operation of air 


brakes which, under certain conditions, 
must be integrated with the control of 
dynamic brakes, all of which must, of 


course, be properly checked and _ interlock- 
ed with other engine “and train operating 
functions. ‘The General Railway Signal Co. 
produced the primary control sensing equip- 
ment required on the locomotive, that is, 
that equipment which receives messages 
from the wayside, analyzes them, and after 
comparing with actual train performance, 
formulates specific train operation com- 
mands to be acted upon by the engine and 
brake control systems as required. 

For purpose of the tests, no wayside su- 
pervisory control and control coding equip- 


ment was installed. Instead, the desired 
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codes were generated by equipment carried 
on the locomotive, and applied inductively 
to the locomotive receivers of the control 
sensing equipment. We did provide way- 
side grade and slow-order markers com- 
rised of inert tuned coils. 

Each of the three companies built their 
own « package » so to speak. The Cana- 
dian National Rys. cooperated by making 
available one of their 1750 HP GR17z 
Diesel locomotive units. It was modified 
as required, the equipment installed and 
then shop and yard track tested at the 
GMD, London, Ontario, works. 

Following that, the Canadian National 
made available ten or so miles of main 
track in the vicinity of London, Ontario, 
and provided a train, a train crew, and 
necessary running rights as required. With 
this contribution, tests of automatic opera- 
tion of a Diesel-powered freight train began 
early this past summer. 

An exhausting test program was set up, 
simulating all conceivable operating con- 
ditions. The terrain of the line where the 
tests were conducted contained enough 
grade at one point to provide reasonable 
grade operating conditions, both as pertains 
to ascent and descent. For most of the 
testing, the test train was comprised of 
about 35 cars, some loads, some empties, 
with a gross tonnage of about 2000 tons, 
which closely approximated the tonnage 
rating of this type of locomotive on this 
line. 

Our testing was concluded by making 
runs on a section of track having a descend- 
ing grade of about 9 to 1 %, for a 
distance of approximately 9 miles. For 
these runs, the equipped locomotive was 
MU coupled to another, standard, Diesel- 
electric locomotive — no special connec- 
tions of any kind were required in the 
coupling. We had, for one run, a train 
of about 6600 tons, comprised of 76 cars. 
The equipped locomotive was in control, 
and it automatically handled the train to 
everyone's satisfaction, including down the 
grade where both air and dynamic brak- 
ing were required to properly control the 
speed of the train. 

The system tested here was not sophistic- 
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ated to the degree we know it can be — we 
were after information and experience on 
the more basic problems of automatic train 
operation — answers to which would 
enable us to obtain optimum train hand- 
ling. All of us learned much regarding 
these matters, and I dare say, found reason 
to have a lot of respect for the engine- 
man who is capable of smoothly and accur- 
ately starting and stopping a long train 
under varying conditions of grade, rail, and 
train slack and brake response. But these 
conditions can be determined, and_ the 
operation programmed accordingly, so that 
optimum train handling may be obtained. 
I think we have accomplished much toward 
this end. 


Time will not permit me at this point 
to go into more detail regarding the auto- 
matic equipment and how it works — I 
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wish I could, but with the thought that 
pictures tell more of a story than words, 
we will show you here in a moment, some 
brief movie shots of the three automation 
projects I have spoken of, the gravel pit 
Diesel, the subway test train, and the Die- 
sel-powered freight train. 

I do want to say, before you see the 
movie, that we at General Railway Signal 
do not pretend to say we have acquired all 
the best answers to the problems we know 
are involved in automatic train operation, 
but we can, now, present factual views of 
the first steps in railway automation — we 
are beyond the stage of just talking and 
writing. We are continuing research and 
development of better, more sophisticated 
control systems and equipment. But that 
is going to require time, experience, and 
money. 
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Containerization. 


An AREA Report of developments in new methods 
and modes of transport. 


(From the American Railway Engineering Association-Bulletin, November 1960.) 


The origins of containerization in the 
United States can be traced to the early 
nineteenth century. It was not until the 
1920’s however, that American railroads 
employed containers to move any signifi- 
cant part of their traffic on a routine 
basis. This early rail-sponsored program 
failed to be a success for several principal 
reasons. First, the carriers involved were 
not permitted by the Interstate Commerce 
Commission to publish rates sufficiently 
attractive to generate necessary amounts of 
container traffic notwithstanding the fact 
that the rates which some of the railroads 
proposed were certainly compensatory when 
measured against any known yardstick of 
costs. Second, the rail carriers’ concept of 
containerization at that time did not in- 
clude their adopting a « systems approach » 
to the problem. ‘There was little recogni- 
tion of the interrelationship between deci- 
sions taken in one area of containerization 
and those reached in the functioning of the 
system in another of its elements. Third, 
rail carriers interested in containerization 
worked almost entirely independently of 
one another, viewing container traffic pri- 
marily as local traffie with a relatively 
small amount of the total container move- 
ments actually involving interchange. As 
a result, no serious attempts were made 
towards industrywide container standardi- 
zation. 

This all happened in the past. 
obviously, a number of 
learned from this earlier railroad ex- 
perience. He are important that such 
experiences be assimilated by the railroads 
because the present marked trend towards 
containerization, coupled with the econo- 
my’s demand for new services of this type, 


But 


lessons can be 


present the railroads with an opportunity 
to re-establish themselves in a position of 
growth and to permit the industry to con- 
tinue in the long-run to function as the 
nation’s principal agency of transportation. 

Some very significant recent develop- 
ments have occurred which put the move- 
ment of containers in a different light. 
These developments can be likened to the 
impetus given to the long-haul intercity 
trucking operations by adoption of the king 
pin and fifth wheel combination which 
enabled trailers and truck tractors to be 
coupled in any combination anywhere in 
the country. This did for the trucking 
industry what the standardized coupler did 
for the railroad industry. 

The container is, in a way, a further 
development of the highway trailer. It is 
therefore not surprising that container-on- 
flat-car operations are following closely on 
the heels of the trailer-on-flat-car develop- 
ment. In fact, two railroads, the Missouri 
Pacific and the New York Central, make 
container units a substantial part of their 
road-rail operation. 

The Missouri Pacific uses demountable 
trailer bodies as containers, transferring 
them by overhead gantry crane from trailer 
chassis to railroad flat cars. It has 413 such 
units and is also interchanging containers 
with the Baltimore & Ohio, which has 
150 similar containers. The New York 
Central uses in its Flexi-Van service a spe- 
cial demountable trailer unit that rolls 
onto single-purpose flat cars and is trans- 
ported by rail without trailer running gear. 
The New York Central has 1075 such units. 
It interchanges with the Milwaukee, Bur- 
lington, and Santa-Fe, extending this type 
of service coast to coast. The Milwaukee 
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Road has 325 Flexi-Van 
and the Burlington 100. 

Both of these methods of transportation 
were evolved out of a desire to eliminate 
the need for transporting trailer chassis 
along with the trailer body. 

Piggyback transport itself has proved to 
be an effective means of combining rail 
and truck operations; the container devel- 
opment is becoming a further extension of 
that. As such it holds great potential for 
effectively extending the service range of 
railroads to points beyond present rail lines. 

Containerization, as implied above, means 
more than merely placing commodities in 
a container. It is a method of transporta- 
tion and distribution involving not only 
the container but also the methods of 
handling, of accounting and control and 
the publication of scales of rates and 
charges associated with container use. It 
is a whole set of problems; the ramifica- 
tions of decisions in any single problem 
area must be understood in terms of the 
impact on all other aspects of the overall 
system. 

This report deals with yan containers 
and cargo containers. Such containers are 
defined as having a base area in excess 
of 64 sq. ft., and they can be moved with 
equal facility by any of several modes of 
transportation — rail, highway and water. 
While the highway semi-trailer or trailer 
is a container and while some of the best 
aspects of containerization are demonstrated 
by present, trailer-on-flat-car operations, 
little consideration will be given here to 
such « containers » to which wheels are 
permanently attached. 

The growth of containerization in the 
United States can be illustrated by the fact 
that in the course of a research project 
on containerization conducted at the Uni- 
versity of California at Los Angeles in 1955, 
it was determined that, aside from the 
military establishment, there was then no 
systematic and regular use of containers for 
shipment of general commodities in the 
United States. By contrast, in mid-1960 
it has been determined that there are in 
the neighborhood of 50000 general com- 
modity and refrigerated containers owned 


container units 
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and operated by American carriers of va- 
rious kinds. The great majority of these 
containers — some 41000 — are owned 
by marine operators, but in many instances 
these containers move inland for traffic. 
Present rail ownership of general commo- 
dity and refrigerated containers approxi- 
mates 3000 units, many of which are 
restricted to carrying traffic local to the 
owning carrier’s lines due largely to the 
general lack of container standardization. 


What are the advantages of containeri- 
zation ? 


1) Widespread use of containers will re- 
duce the cost, time, and labor required 
for loading, stowing, and unloading. 


2) The monetary costs and delays incur- 
red in handling separate shipments at trans- 
fer points can largely be avoided. This, 
of course, is at the heart of the « unit 
loading » principle which is one of the 
primary bases for the economies of con- 
tainerization. 


3) The greater speed with which loading 
and unloading operations can be perform- 
ed increases transport vehicle utilization, 
thus minimizing the capital investment in 
such equipment which is necessary to pro- 
duce any given amount of transportation. 


4) In the same vein, the more uniform 
loading and unloading times which con- 
tainerization produces makes possible more 


precise scheduling of the transportation 
vehicles involved. 
5) Containerization substantially lowers 


packaging costs and packaging material re- 
quirements; physical damage, breakage and 
pilferage are also reduced. 


6) Use of containers minimizes 
work for many types of moves. 


paper 


7) Containers provide shippers and _re- 
ceivers alike with more flexible and respon- 
sive transportation, permitting receipt and 
dispersement of commodities to be schedul- 
ed more in keeping with the customer’s 
other operations. In this connection, con- 
tainers can provide covered storage capacity 
in open areas when there is emergency need 
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for it. It can be said that containeriza- 
tion is more « consumer oriented » than 
most of the services offered by the rail 
carriers. Such reorientation of railroad 
practices is long overdue, and containeriza- 
tion has the added advantage of fostering 
the change. 


Reliance on containers may also carry 
with it somes significant disadvantages. 


1) The capital cost of the containers them- 
selves and of other components of the con- 
tainer system are substantial, although they 
may be less than the alternative means of 
accommodating the traffic. 


2) The tare weight of the containers may 
exceed the tare associated with shipping in 
another manner, although again this will 
often work the other way. 


3) The need for returning empty con- 
tainers where there are traffic imbalances 
may add to the cost of producing trans- 
portation with a container system. This 
depends upon the magnitude of the empty 
return problem where some other means 
of handling the traffic could be utilized. 


4) The problem of accounting for con- 
tainers will be enormous and is aggravated 
by their ability to be detached from basic 
transport vehicles; in addition, the num- 
ber of containers needed to provide a given 
transport capability may be substantially 
greater than the number of present-day 
transport vehicles required. ‘This again 
adds to the accounting problem. (With- 
out doubt automation of the overall con- 
tainer accounting task is important, and if 
accomplished, it is possible that container 
accounting may be substantially simpler 
and less costly than is the present car 
accounting job.) 


5) Maximum employment of containers 
requires computation and publication of 
new scales of rates and charges involving 
both inter-carrier and inter-modal_ inter- 
change; this will require the expenditure 
of substantial amounts of time, effort, and 
money but should prove a sound, profitable 
investment. 


For the railroads to derive maximum 
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profits from the present trend towards con- 
tainerization, it is obvious that substantial 
standardization is essential in virtually all 
elements of the container system. Without 
such standardization, interchange will be 
minimized, and the full benefits of con- 
tainerization will be denied to the economy 
in general and the railroad industry in 
particular. 

A number of organizations in the recent 
past have devoted themselves to the pro- 


blem of container standardization.  Pre- 
eminent among these has been the 
« MH-5 » committee on shipping con- 


tainers of the American Standards Associa- 
tion. Fortunately, this committee has re- 
presentatives of every mode and _ virtually 
every method of transportation, with com- 
petent persons representing the viewpoints 
of shippers, carriers, and equipment manu- 
facturers alike. Most important, the work 
of the MH-5 committee, although more 
advanced than most organizations interest- 
ed in container standardization, is yielding 
the same general conclusions which other 
committees and groups are reaching. 

In surveying the reports of the various 
container standardization groups as well as 
other material pertaining to containeriza- 
tion, a number of general conclusions with 
respect to container size can be drawn. First 
of all, it seems clear that a container cross 
section of 8 ft. by 8 ft. will be adopted as 
standard. As to lengths, the standard con- 
tainers will be found in three sizes: 10, 20 
and 40 ft. To some extent, length, width, 
and height requirements are dictated by 
the capabilities of existing transportation 
equipment and rights-of-way. Each mode 
of transport and many individual carriers 
will have contributed to the compromises 
necessary to achieve standardization of di- 
mensions. Given containers of the three 
standard sizes, there is a general feeling 
that greatest emphasis will be placed on 
procurement of containers of the smaller 
two sizes with the use of 40-ft. units being 
somewhat restricted to movements between 
major terminal areas which do not require 
the container to be moved through a con- 
gested central city area in the course of 
its travels. 
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The most common container construction 
material is steel which, of course, repre- 
sents at present the medium for producing 
the lowest cost and most durable reusable 
shipping container. There are a number 
of aluminium and steel-and-aluminium con- 
tainers in use, but while they reduce the 
weight of a container of given capacity, 
such construction presently incurs substan- 
tially higher capital cost. As experimenta- 
tion and development continue, other ma- 
terials may come into widespread use in 
container construction. These could in- 
clude plastics, magnesium alloys and other 
materials used separately or in various 
combinations. 

Among the questions which must be con- 
sidered in determining the materials to be 
employed in container construction are: 
How rigid and dimensionally stable must 
the container be? How much of a load, 
both statically and dynamically must it be 
capable of sustaining ? How durable should 
it be; how long should it last? What cor- 
rosion or other environmental problems are 


anticipated ? As noted, steel provides the 
best solution at present, but any steps 
toward container standardization should 


not eliminate the possibility of integrating 
into the system containers of standard di- 
mensions which are constructed of other 
materials than steel. 

Many of the container design features 
which should be standardized are dictated 
by the standard container handling tech- 
niques adopted. Others are determined by 
the character of the commodities which the 
containers are intended to accommodate. 
In the former category, it is clear that 
every container should be fitted with the 
hardware necessary to permit its being 
lifted from above. All containers therefore 
must have corner castings designed for this 
purpose. The 40-ft. containers should also 
have similar fittings on both top edges, 
10 ft. in from each end. Every standard 
container should also be capable of bottom- 
lift handling by fork truck or by strap or 
zrappler lift from above. The standard 
container must be corner post loaded and 
stackable at least two high when loaded 
ind somewhat higher when empty. If the 
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container is to have the capability of free 
interchange with ocean carriers, it should 
be able to withstand stacking at least six 
high when loaded. Given present construc- 
tion techniques and container loading con- 
cepts, the standard container will probably 
have a door on one or both ends rather 
than along its sides. 


With respect to the terminal handling 
of containers, vehicle-to-vehicle or vehicle- 
to-ground transfer of containers can effi- 
ciently be carried out in several ways, de- 
pending primarily on the number of hand- 
lings which the particular terminal is re- 
quired to carry out in any given period. 
While the argument between the end load- 
ing and selective side loading of railroad 
cars rages on with respect to piggyback ter- 
minal operations, selective side loading is 
proving to be best suited for incorporation 
into the container system. Presently, for 
major terminals where the number of trans- 
fers is substantial, the most favorable way 
of handling the containers is by top lift. 
This dictates the use of a device such as 
the track-straddling gantry crane. This 
piece of handling equipment presently 
effects train-truck or train-ground transfer 
more efficiently than any alternative me- 
thod, provided there is sufficient traffic 
to keep the gantry busy. As for the gantry 
itself, it should be capable of employing 
the appropriate method of lift as dictated 
by the job to be done. 


At terminals with less container activity 
it is imperative that a handling device of 
substantially less capital cost than the track- 
straddling gantry be employed. As yet 
no such piece of equipment has been de- 
veloped, but a number of manufacturers 
are busily engaged in trying to solve this 
problem. It should be noted that one of 
the reasons the standard container must be 
designed to accommodate bottom-lift tech- 
niques is that it is probable that the low- 
cost container transfer unit for smaller ter- 
minals will use such a technique. 

A variety of railroad equipment now in 
service is capable of handling containers 
in its present form or with some modifica- 
tions. While some of the rolling stock 
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will accommodate only specially designed 
containers, other cars will take virtually 
any type of container. This equipment 
includes flat cars of lengths ranging from 
18 to 85 ft., gondola cars, Clejan type of 
equipment, Flexi-Van cars, etc. In the past 
several years there has been a marked trend 
towards the procurement of flat cars 85 ft. 
in length. Several thousand of these are 
presently in service with many more on 
order. These cars can accommodate stan- 
dard containers in various combinations to 
a total of about 80 ft. of length. Most of 
these 85-ft. flatcars, however, require sub- 
stantial modification if used in container 
service and if a satisfactory ride is to be 
given to the container and its lading. Se- 
veral equipment manufacturers are pre- 
sently offering devices which will improve 
the ride qualities of such rail equipment 
when used with containers rather than with 
the highway semi-trailers for which they 
are primarily designed. 

It is important to note that several rail- 
way equipment manufacturers are actively 
developing new types of cars to accom- 
modate containers. One of the common 
objectives of these development projects is 
to minimize the capital cost of the rail 
component of the container system; other 
objectives include the reduction of car 
maintenance costs and the improvement of 
the suspension systems to provide the con- 
tainer and its lading with the most « de- 
licate » possible ride. 

It is quite possible that the most crucial 
single factor which will govern the rate 
of growth and development of containeri- 
zation is that associated with the rates and 
charges published for container services. 
Not only the level of rates but their form 
of publication will be extremely important. 
For example, the existence of a large num- 
ber of joint, through rates which permit 
handling of containers by more than one 
carrier and by more than one mode will 
cause marked expansion in the demand for 
container services in and of itself. With 
respect to the level of rates applicable to 
container movements, experience so far 
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indicates that there is considerable price 
elasticity in the demand for container ser- 
vice. It will be up to the carriers and 
the commissions to determine the type of 
rates which will be published as well as 
the level of such rates. 

It is imperative that carriers and regula- 
tory agencies alike recognize the importance 
of appropriate rates and charges to the 
growth and development of the container 
system. While minimum diversion of traf- 
fic from highly rated and profitable cate- 
gories is a laudable objective, it is also 
necessary to recognize that such diversion 
will have to be tolerated to some extent 
if the container system is to grow and 
develop and produce its full potential in 
savings and profits to carriers, shippers and 
the public. 

With respect to financing, it is entirely 
possible that the railroad industry as a 
whole or major segments of it will find it 
advantageous to procure and operate sub- 
stantial pools of containers. Such an 
approach has already become an important 
contribution to T-O-F-C development. Pool 
arrangements would increase the possibility 
of container traffic being freely accepted 
in interchange in the early stages of the 
container system's operation. Also, a pool 
operating under a single manager for mo- 


vements control, should minimize the ex- 
tent to which containers have to be back 
hauled empty. In addition, if a large 


enough container pool is established by the 
railroads, and if this pool employs con- 
tainers of the standard configuration, great 
impetus will be imparted to the whole con- 
tainer standardization program. Thus, the 
container development can become a me- 
thod of transportation that will prove 
extremely beneficial to the railroads. It 
holds the potential of becoming the first 
common denominator of the various modes 
of transportation. And with the railroads 
retaining an « inherent advantage » in 
the area of line-haul transportation, they 
will be able to enlarge their share of the 
transportation market as they participate 
in this pattern of positive, dynamic growth. 
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Electronic 


railway-signal interlocking. 


(The Engineer, December 16, 1960.) 


TRACK CIRCUIT 
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Model track and simplified 
diagram of electronic signal 
interlocking system 


SET 101 REVERSED 


ISH FB. 


An installation, which is believed to be 
the first electronically-operated system of 
railway-signal interlocking in the world, is 
to be carried out in the branch-line signal- 
box at Henley-on-Thames, Western Region, 
British Railways. The new system has 
already completed its laboratory trials and, 
when it is installed at Henley in the early 


INFORMATION FROM TRACK CIRCUITS 


IF NOT LOCKED 


10! REVERSED 
AND LOCKED 


CLEAR 


100 REVERSED 
AND LOCKED 


SET 100 REVERSED 
IF NOT LOCKED 


summer of next year, it will be subjected 
to full-scale trials. It has been developed 
by Mullard Equipment, Ltd., under con- 
tract to the British ‘Transport Commission. 

It will be recalled that electronic systems 
have already been applied to the remote 
control and indicating elements in some 
signalboxes on British Railways. ‘These ele- 
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ments have important operational functions 
in the signalling system but their contribu- 
tion to overall safety ultimately depends 
upon effective interlocking of the signals 
and points. Hitherto signal interlocking 
has been effected either by mechanical locks 
or, in more modern installations, by electro- 
magnetic relays. In the Henley installation 


these components will be replaced by elec- 
tronic units incorporating transistors, sem1- 
conductor diodes and ferrite cores. 


Transistorised plug-in logic 
of electronic railway-signal 


unit for system 
interlocking. 


The hoped-for gain by the adoption of 
electronic circuitry is that the absence of 
moving parts may presage substantial sav- 
Ings in maintenance costs. This means 
that electronic interlocking will be justified 
for future signalling schemes, provided that 
it can surpass the rehability of magnetic 
relays which (as pointed out by the British 
‘Transport Commission) can operate for at 
least five years in a sealed box and have a 
failure rate of only one in thousands of 
millions of operations, 

A working model of a double junction, 
completely controlled by the new electronic 
system, was demonstrated by Mullard Equip- 
ment, Ltd., at Mullard House, TYorrington 


> vat 3) as} Thy 

Place, London, WiaiGel The model used 
for this demonstration is illustrated  dia- 
grammatically below. — It operates on the 
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conventional « entrance-exit switch and 
push-button » system and is provided with 
track and point indication; the only relays 
used are track relays, Post Office type 
relays being used for convenience. 

To set up a route on the model, in the 
direction B to D for instance (see dia- 
gram), the direction switch at B is set to 
direction B to F and the exit button at D 
is pressed. This action results in the 
points 100 and 101 being moved to the 
reverse position. These points are inter- 
locked and the sequence is that 101 is 
reversed first and when it has been detected 
as being reversed, the points 100 are re- 
versed. However, this route B to D can 
only be called provided that the informa- 
tion from the track circuits involved indic- 
ates that there is no vehicle on the track 
and also that the points are not locked 
— that is to say, that a prior route has 
not been set up along, for instance, E to A. 

A simplified example of a sequence of 
events is shown in the lower diagram. The 
pulses from the push button at D are fed 
to an « Or » gate which sets up a feed- 
back path to maintain the circuit. The 
output from the « Or » gate is fed, together 
with the signal from the switch at B, to 


the « And » gate which then — and only 
then — gives an output to the first track 
circuit « And » gate. This input together 


with the input from the track circuit (pro- 
viding the latter is clear) will result in an 
output to the next track circuit « And » 
gate and so on. After all the track circuits 
have given the information that they are 
unoccupied, the points 101 are reversed, 
providing they are not locked, and the 
signal from the track circuits together with 
the information that 101 is now reversed 
and locked is fed to another « And » gate. 
The points 100 are now reversed and _ lock- 
ed, and this information, together with the 
output from the last « And » gate, is fed 
to the final « And » gate, the output of 
which clears the signal at B (see diagram). 

It is a logical process and if for any 
reason the required information does not 
reach any one of the « And » gates in the 
chain the sequence will be broken and the 
route will not be cleared. When a route 
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has been cleared and a train travelling 
in the direction B to D, for example, has 
passed over the first track circuit in the 
route, the signal is automatically returned 
to red. Although the direction switch is 
still set, this route cannot be used again, 
by pressing the exit button, until the whole 
sequence of calling has been repeated. 

In addition to the interlocking of the 
points and the use of track circuits, there 
is also a device whereby if a signalman has 
set up a wrong route (B to F, instead of B 
to D, for instance) he is unable to reset the 
route immediately if a train has already 
entered the approach track circuits. He 
can, however, set all the signals to red, 
and after a suitable time delay to allow 
the train to stop the route can be reset. 
Obviously if this device were not included 
a signalman would be able to reverse the 
100 points, which may not complete their 
movement before the train reached them 
and thus cause a derailment. The logic 
system can therefore provide an antiprese- 
lection device and an approach locking 
device to meet signalling requirements. 
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Track circuits of the normal type are 
used. The electronic logic units from 
which the system is constructed are plug-in 
units. They are designed to operate safely 
in ambient temperatures between — 20° 
and + 50°C; Mullard transistors, semicon- 
ductor diodes and ferrite cores are used. 

A typical electronic logic unit is illu- 
strated here, the components being mount- 
ed on a stack of insulating wafers. The 
uppermost component in this case is an 
encapsulated ferrite core. In a_ practical 
signal interlocking installation, five dif- 
ferent types uf these logic units would be 
required. In physical layout they are all 
similar. Each is protected by a rectangular 
casing of anodised aluminium which is 
colour-coded for identification. These units 
are mounted in racks and test sockets are 
provided for servicing, which is based on 
the identification and replacement of a 
faulty unit. It is emphasised by the manu- 
facturer that the system is designed to 
« fail to safety » and that this condition 
has been applied to the logic units indivi- 
dually and collectively. 
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Checking parcels by radio-electric link 
at Lille-Saint-Sauveur. 


(La Vie du Rail, 23rd October 1960.) 


The required infrastructure for radio- 
electric links being completed and the tech- 
nical tests having proved satisfactory, the 
installation was handed over at the begin- 
ning of April 1958. 

After a short period of instruction during 
which the staff was initiated into the 
working of the equipment, the organisation 
that had been carefully studied for several 
months, was set up and the changeover 


checking of the parcels traffic had been 
studied as a function of this method. 


DESCRIPTION 
OF THE INSTALLATION. 


Arrival depot. 


Parcels traffic for zone 2 Lille, i.e. Lille 
and its immediate suburbs, are unloaded 
in the Arrival Depot, which consists in fact 


The traffic office with its control boxes and special files. 


from the classic method of checking to 


radio checking took place during the night 
of the 9/10th April, without any interme- 
diate phase. 

‘The 


whole of the organisation of the 


of a single shed, about 400 m long, divided 
up by fire-break partitions, with sufficient 
openings to allow of free circulation from 
end to end. 


Ihe unloading points are situated to- 
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wards the centre of the shed: the parcels 
are sorted as they are unloaded and taken 
to the 28 bays. These bays correspond in 
most cases to one of the routes taken bv 
the haulier responsible for delivering them 
to destination. The others are for parcels 
to the satellite stations which are served 
by road from Saint-Sauveur, or for certain 
important clients. 


portable set and 
depot. 


with his 
work in the 


armed 
hand, at 


A checker, 
microphone in 


The Traffic Office is in a building some 


dozen metres away from the western end 
of the group of sheds. 
Radio-electric links. 
Telecontrolled from the Traffic Office, 


there are 4 fixed transceiver posts, making 


3* 
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use of modulation of frequency, installed 
in the depot. Each post is tuned in to 
its own frequency. ‘There is a mobile post 
for each fixed post with the same fre- 
quency as the latter. The establishment 
has four frequencies allotted to it, be- 
tween 160 and 161 megacycles. There is 
a fixed post and a mobile post for each 
of these frequencies. 

The mobile posts weight 1.900 ke 
(4.18 Ibs.) in working order. They take 
up very little space and are carried in a 
leather case, which the operator fastens on 
his back at belt level by means of straps. 

Each portable post is worked by a set 
of removable accumulators fitted in it 
which last for approximately 4 h. The 
sets of accumulators are easily and quickly 
changed, so that this is no drawback to 
their use. Twelve sets of accumulators 
enable 3 portable sets to work for a 24 h 
period, with one portable set in reserve. 

The accumulators are recharged by auto- 
matic charging equipment which does not 
require any supervision. 


The automatic accumulator charging 
equipment. 
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The fixed posts are operated from the 
Traffic Office by 4 telecontrol boxes. Each 
box can control through a 4-position switch 
anyone of the 4 fixed posts. The boxes are 
fitted with a call indicator corresponding 
to each portable set, which facilitates get- 
ting in touch with it during the work 
without looking for the transmitting post. 

Each portable set is equipped with a 
micro loud speaker which the operator 


COUR 


HALLES ARRIVAGES 
P2 
ca 
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At 6.30 a.m., about 85 % of the parcels 
are in place in the bays, ready to be 
checked. 


Preliminary operations 
before checking. 


In order to get the maximum output 
from the installations, the bills must be 
at the Traffic Office in good time and 
available to the radio-operator at the fixed 


{ Bureaux | 
Commerciaux 


SSS or 


Chariot ————4 
transbordeur 


Diagrammatic arrangement of the installations P 1, P2, P 3, P 4; 
control boxes for the fixed posts. 


N. B. — Cour = yard. — Halles arrivages = arrival depot. — Bureaux commerciaux = traffic office. — 
Chariot transbordeur = transhipment trucks. 


holds in his hand. 
in the fixed posts. 


Headphones are used 


ORGANISATION 
OF THE CHECKING. 


Volume of traffic. 


There is on the average 175 t of parcels 
traffic daily into Saint-Sauveur — station, 
representing 450 consignments. 

At peak periods (which occur during the 
spring at the time of Lille Trade Fair and 
during the last three months of the year), 
the establishment has to deal with more 
than 250 t of incoming traffic daily, which 
represents between 700 and 800 consign- 
ments. 

Unloading starts at 11 pm. The last 
consignments are in position at 8 a.m. 
The peak hour is about 4 a.m. 


post linked up with the portable set oper- 
ator in the depot with the parcels. 

The parcels in the depot and the docu- 
ments in the office must be classified in 
an identical way and the operations re- 
quired to find them must take very little 
time if any. 

The parcels, sorted as they are unloaded 
from the wagons, are put in the bays after 
being unloaded. The large consignments 
are put directly into the bays, the smaller 
behind the bays whilst awaiting the arrival 
of the checker. The parcels are arranged 
according to the consignment, with their 
marks and labels clearly visible. ‘This 
work is done by the handling contractor. 
Each document as soon as it arrives in the 
Traffic Office is zoned by a special em- 
ployee, which means that according to the 
address of the consignee it is marked with 
the number of the appropriate bay followed 
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by a letter A, B or C if necessary (these 
letters specifying definite lots in each bay 
in order to facilitate making up the loads 
for the haulier). This number, followed 
by its lot indication, is that of the bay in 
which are the parcel or parcels for which 
the document in question forms the trans- 
port contract. 

After checking the charge made, the docu- 
ment is placed in a special double entry 
case. Red cases take the sheets to be check- 
ed, which are put in place by the zoner. 
Yellow cases take the sheets that have been 
checked. There are a few blue cases for 
sheets that follow a special circuit. 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


341 


The whole of the file is divided up into 
three movable parts, which can be arranged 
in line or in a horseshoe so that one or 
several operators can work simultaneously 
according to need. 


Checking. 


This operation consists in comparing the 
document forming the transport contract 
with the parcel or parcels which are being 
transported. 


Over the radio link with the Traffic 
Office where a clerk has spread out in 


= 
mes 
ee 

== 
aos 
ee 


PCCMEES 


O 


CLASSEUR POUR 
FEUILLES DETAIL 


hauteur : 72 


longueur : 160 


} largeur : 30 


Files for the parcels documents : 
height: 72; length: 160; width: 50. 


There is a series of cases for each bay: 
one red for the sheets to be checked, one 
or more yellow cases for the sheets that 
have been checked, each of these latter 
being allocated to the different lots which 
may be in the bay. 

Each case is closed by a plexiglass shutter 
on the side from which the sheets are taken 
out. This shutter prevents the sheets to 
be checked from getting mixed up with 
those that have been checked. As they are 
transparent, these shutters make it pos- 
sible to see how many sheets there are to 
check or that have been checked. This 
enables the office to direct the checker in 
the depot to the bays where there are the 
most sheets to be checked. 


front of him the sheets from the red case 
corresponding to the bay where the checker 
is working, the latter reads out the address 
of the consignee of a parcel. If he has 
the sheet, the Office clerk reads out the 
address of the consignor, the consigning 
station, the date of consignment, the nature 
of the parcel or parcels and their marks. 
The man in the depot checks the informa- 
tion received from his colleague in the 
Office. All he then has to do is to mark 
the parcel with the conventional sign show- 
ing that it has been checked, when it can 
be put in its final position awaiting re- 
moval by the haulier. ‘The Office clerk 
then places the sheet that has been checked 
in the corresponding yellow case for the 
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zoning index to which it has been allocated 
by the zoner. 

At the end of each working session, a 
provisional delivery sheet is got out for 
the parcels without documents, and a part 
delivery sheet for incomplete consignments. 

This method of working avoids long con- 
versations and allow of very rapid checking. 
In practice, one checking group (one fixed 
post operator and one portable set oper- 
ator) begins working between 1 and 2 a.m. 


COMPTABILITE 


CORRESPONDANT 
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ments to the different bays before and 
after checking has been done away with. 
Moreover, it is easy to control and super- 
vise the checking, as an official from the 
office can listen in at any time from the 
Office and follow the operations. 

The work of checking is simplified. The 
office clerk with the documents is working 
under excellent conditions. He can spread 


the documents out on his table, whereas 
system, 


with the classic the checker has 


Circuit des feuille 


fail au Bureau 


(R1-R2-R3 Reconnaisseurs 4 poste fixe -Z : zéneur) 


Circuit taken by the documents at the Office 
(R 1-R 2-R 3 fixed post checker. — Z: zoner). 


N. B. — Comptabilité = accounts. — Bordereaux = lists. — Correspondant = haulier. 


Between 5 and 7 a.m. three groups are 
working together. After 7 a.m. until 1 p.m. 
only two groups are working, the actual 
work of checking being completed 
tween 11 and 12 am. 

The handling over of the arrivals to 
the haulier is done by means of lists which 
are completed as checking takes place 
from 5 a.m. onwards, being completed by 
7.30 am. for the morning delivery, and 
towards Il a.m. for the afternoon delivery. 


be- 


Advantages of the system. 


This method of checking has definite 
advantages. First of all, the documents 
are much safer as they no longer have to 
be sent from the Traffic Office to the depot 
and from the depot back to the Office 
after checking has taken place. The dif- 
ficult job of allocating the right docu- 


to move about among the parcels with the 
documents in his hand, and most part of 
the year he has to work in a draught 
which does not make his work any easier. 

The high efficiency of this organisation 
has made it possible to reduce the number 
of men working in the depot by 40 %, 
whilst improving the working conditions 
and turnover. 

Finally, with the classic system, 60 % 
of the arrivals were ready for delivery by 
7.30 am. Checking by radio makes it 
possible to have more than 80 % ready 
by the same time. 


The experiment has therefore been con- 
clusive and owing to its possibilities, the 
radio link opens up many new possibilities 
of use likely to improve very appreciably 
working conditions whilst at the same time 
proving a very profitable factor. 


[ 625. 13 (42) ] 


London Transport’s experimental tube tunnels. 


Speed and economy of new methods of tunnel construction. 


The experimental tunnels now being 
built by London Transport in the Finsbury 
Park area have shown that tube tunnels 
can now be built in good London clay at 
about twice the speed and more econo- 
mically than with earlier methods. 


The object of the work is to give full- 
scale experience of new methods of tunnel 
construction in readiness for the Victoria 
Line and other future tube lines. The 
experimental length is on the alignment 
of the Victoria Line and will be incor- 
porated into it when authority to build 
the line is given. The new methods would 
save some millions of pounds on the cost 
of the 11] 1/2mile line. 


It is 21 years since a new section of 
tube railway was built by London Trans- 
port and 54 years since the last tube rail- 
way across central London was built. In 
the interim period new knowledge of the 
stresses and strains in tube tunnels has been 
obtained by special tests including the 
removal of original tube linings, and as a 
result new designs of linings have been 
evolved entailing new methods of tunnel- 
ling. London ‘Transport considered it 
essential that it should test these new 
methods so that the quickest and most 
economical form of tube tunnelling avail- 
able could be used where appropriate for 
the Victoria Line. Contracts were therefore 
placed early last year for the construction 
of two experimenital lengths of twin tun- 
nel, one running from Finsbury Park to 
Manor House and the other from Nether- 
ton Road (Tottenham) to Manor House, 
where the two lengths of tunnel meet. ‘The 
total length of twin tunnel involved is 
about one mile, and the cost will be about 
£ 1 million. 

The Finsbury Park-Manor House section 
is being lined with concrete block segments 


of a new pattern and the Netherton Road- 
Manor House section uses a new type of 
flexible jointed cast iron lining without 
bolts and with much shallower flanges than 
those of conventional linings. Previously, 
tube tunnels have been lined with bolted 
cast iron segments built inside a shield and 
with cement grout forced into the space left 
as the shield moves on between the out- 
side of the segments and the surrounding 
ground. Although reliable, this method is 
slow and more expensive. 


The tunnels are being bored by a rotary 
type of shield called a « drum digger > 
which can work much faster than any 
previous type of shield used for tube rail- 
way construction in London and which 
provides for conveyors to remove the spoil. 


Using the cast-iron lining method, the 
contractors for the eastern half of the 
tunnel have just completed the driving of 
a 934-ft. length of tube tunnel, including 
the excavation and lining, in two weeks. 
This, representing a speed of 3 1/2 ft. of 
new tunnel built per working hour, is be- 
lieved to be a world record for driving 
and lining a tunnel of this size through 
clay soil. It is about double the speed which 
would be considered good going with pre- 
vious techniques. 

One drive of each type of tunnel has 
now reached Manor House, where a cross 
passage has been built connecting the two. 
This also enables the engineers to close 
their survey traverse at tunnel level and 
thus obtain very accurate junctions be- 
tween the second and first drives. Work 
is now complete on the second drive from 
the Netherton Road end, and the drum 
digger has started on the second drive 
from the Finsbury Park site. 

When the tunnels eventually become part 
of the Victoria Line, the cross passage at 
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Manor House will be extended to give 
access to an electrical sub-station serving 
the new line. 


DETAILS OF CONSTRUCTION. 
Access shafts. 


There are working sites and shafts at 
the corner of Netherton Road and Seven 
Sisters Road (Tottenham), and in Finsbury 
Park itself, near the Eastern Region main 
line from Kings Cross to the North. 

The Netherton Road shaft, 25 ft. in 
diameter, is 60 ft. deep. This shaft will 
be a permanent part of the Victoria line 
and will be used for ventilation and emer- 
gency stairs. From its foot an access tun- 
nel runs a short distance to the line of the 
running tunnels, where chambers large 
enough to permit the assembly of the 
« drum digger » rotary shields have been 
excavated by pneumatic spades and lined 
with bolted cast iron segments. At this 
site, excavated spoil is brought to the sur- 
face by a crane which lifts the 1 1/4 cu, yd. 
skips off the 2 ft. gauge bogies which have 
brought the spoil, in trains hauled by 
battery locomotives, along the completed 
section of the tunnels. The skips are loaded 
by conveyor from the rotary cutters at 
the face and are emptied on to the ground, 
the spoil being loaded into lorries by a 
1 cu. yd. mobile shovel. A small electric 
ally-operated traverser is used to manoeuvre 
the skips at the bottom of the shaft. 

At the Finsbury Park working site the 
shaft is 15 ft. in diameter and 60 ft. deep. 
As at the other site, an access tunnel leads 
from its foot to the line of the running 
tunnels and there are two shield assembly 
chambers. ‘The running tunnels are on 
a gradient of | in 47 down and_ the 
loaded 2/3 cu. yd. skips are hauled by an 
electric winch sited in the shield assembly 
chamber. 

The skips tip the spoil on to a_ belt 
conveyor in the access tunnel and the con- 
veyor delivers the spoil to the foot of the 
shaft where it is hoisted to the surface by 
a vertical bucket elevator. The buckets 
are warmed by hot air to prevent the clay 


May 1961 


from sticking to the metal. Originally, the 
clay was carried to an elevated hopper 
under which lorries could be loaded by 
gravity but is has now been found better 
to bring the spoil to ground level and 
use a 1 cu. yd. mobile shovel for loading. 


Tunnelling equipment. 


The drum digger type of shield has been 
used previously on the tunnelling work 
for the Metropolitan Water Board’s Thames 
to Lee Valley water tunnel. The experi- 
mental railway tunnels are of much greater 
size than the water tunnel, and the drum 
digger shields are therefore on a larger 
scale. The general design, however, re- 
mains unaltered. 

The drum digger for the concrete-lined 
tunnels has an external diameter of 14 ft. 
and that for the cast iron-lined tunnels 
'S it. J) any 

The drum digger consists essentially of 
two drums. That for the 14 ft. diameter 
tunnels has an outer drum of 14 ft. external 
diameter and 9 ft. in length and the lead- 
ing end is bevelled to form a cutting edge. 
Within the main drum is a 7 ft. 6 in. dia- 
meter rotating drum 5 ft. 6 in. in length 
carried on two roller races and provided 
with a thrust ring to take the axial load 
from the rotating cutters. The cutting 
teeth themselves are mounted on six arms 
at the front of the shield, each carrying 
eight removable teeth. They are mounted 
at the outer edge of the inner, rotating 
drum, so that they cut the area in front 
of the space between inner and_ outer 
drums. The area in front of the inner 
drum is cut by teeth mounted on a re- 
movable arm across the diameter of the 
inner drum. The teeth may be replaced 
after hand mining a small cavity in front 
of the arms. The inner drum, and the 
cutting teeth with it, can be turned at 
speeds of up to 4 rp.m. by six hydraulic 
motors driving through gear boxes. Pinions 
at the driving ends of the gear boxes engage 
the teeth of a large gear ring bolted to 
the rotating section of the drum digger. 
The hydraulic motors are controlled by a 
valve within the shield. 
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The forward movement of the shield is 
given by 14 hydraulic rams arranged at 
equal spacing round the periphery of the 
shield and pushing against the last com- 
pleted tunnel ring. These rams, which 
have a stroke of 2 ft. 8 in. and operate 
at a working pressure of about 2000 Ib. 
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shields employed in the experimental tnn- 
nel are different, the more elaborate being 
arranged so that the ram Operator can 
sight the image of a cross of light on a 
graduated mirror and obtain a direct in- 
dication of any deviation from true line 
or level. The source of light is a lamp 


Drum digger shield for north drive of 


The temporary spider 


per sq. in., are individually controlled by 
an operator standing within the shield cas- 
ing but behind the rotating inner drum. 

The ram operator is provided with sight- 
ing guides which show him whether the 
shield is on the correct line and level and 
he can apply or reduce pressure to any 
of the ramps to correct any tendency to 
deviate to the right or left or up or down. 
The sighting devices used on the two 


southbound 


installed. 


tunnel, showing gear boxes 


and trammel used during erection can also be seen. 


placed further back along the tunnel from 
which a beam passes through two cruciform 
slits in markers fixed to the roof of the 
tunnel and placed precisely in the correct 
position by the use of surveying instru- 
ments. When driving a curved length of 
tunnel, the mirror sighting device is ad- 
justed against a scale after each ring of 
lining is erected to keep the shield on the 
proper alignment. 
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The clay is cut by the rotating teeth 
and guided by scoops and paddles into 
a hopper within the shield where it drops 
on to the end of an inclined electrically- 
driven belt conveyor. This discharges on 
to the main horizontal belt conveyor which 
carries the excavated clay back along a 
staging, from which it is discharged into 
the skips on 2 ft. gauge track on each 
side of the horizontal conveyor. 

Under the conveyor staging is a 200 HP 
electric motor driving pumps to provide 
hydraulic power for the shield motors. A 
separate 12 1/2 HP electric motor supplies 
hydraulic power for the rams. At the sides 
of the conveyor belt, at the shield end, are 
electric hoists for handling the tunnel lin- 
ing segments. 

To the rear of the conveyor and the 
hydraulic power unit the tracks on each 
side of the conveyor converge into one and 
pass down a short ramp to join the main 
tunnel track. 

The whole of this apparatus from imme- 
diately behind the shield to the rail ramp 
at the rear is mounted on an articulated 
trailing platform, attached to the rear 
of the shield and drawn forward as the 
shield advances. When the rams _ have 
pushed the shield forward the width of a 
ring of tunnel lining, i.e. 2 ft., they are 
retracted. A ring is then built in the space 
between the last completed ring and the 
rear of the shield. When this has been 
completed the whole cycle recommences, the 
rams pushing against the newly-installed 
ring. 

Considerable heat is generated at the 
working face and the oil in the hydraulic 
system is cooled by a heat exchanger. The 
cooling water is fed to the exchanger by 
piping from the shaft and on the return 
circuit is taken to the head of the shaft 
and passed through a cooler before being 
returned to the tunnel. The pipes of the 
cooling water circuit, like the power leads 
to the working face, have to be extended 
from time to time as work progresses. 

The drum digger is capable, in good 
conditions, of advancing more than 60 ft. 
a day, working three 8 h shifts, over long 
periods — a much higher speed than has 
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ever been maintained before in building 
a tube railway tunnel. The maximum 
length driven to date in one 24 h period 
is 88 ft. 

Apart from the smaller external diameter 
of 13 ft. 1 in., the drum digger used for 
the cast iron lined tunnels is similar in 
construction and operation. 


Tunnel linings. 


The lining of the tunnels built from 
the Netherton Road site is of unbolted 
flexible jointed cast iron segments. There 
are six segments, each | in. in thickness, 
to every 2 ft. tunnel ring. One end of 
each segment is concave and the other 
convex, so that the ends of the segments 
form knuckle joints, each fitting into 
another. 

The segments are put into place in the 
space left behind the shield when the rams 
are withdrawn, the two forming the invert 
(bottom) being laid first, then the side seg- 
ments. Finally, the segments forming the 
roof are manhandled into place and held 
by « needles » mounted at the rear of the 
shield. The two segments forming the 
floor of the tunnel are cast with small 
recesses at their upper ends and when the 
segments have all been erected, hydraulic 
jacks are fitted into these recesses and a 
force of 15 tons per jack is applied to 
the ring segments, expanding them against 
the clay outside. This expansion creates 
a small gap between the segments forming 
the sides and those forming the floor or 
invert of the tunnel. Into each of these 
gaps are placed first two cast-iron knuckle- 
pieces shaped to conform to the contour 
of the segments below and then two pairs 
of cast-iron taper packings which hold the 
whole ring firmly in place when the pres- 
sure of the jacks is released. 

The segments have shallow interior ribs 
which are enlarged to form perforated lugs 
at regular spacing round the periphery of 
the ring for handling purposes and to pro- 
vide for the fixing of the railway equip- 
ment in due course e.g. signal equipment 
and cable brackets, noise reduction screens, 
and tunnel lighting. The internal dia- 
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meter of this type of lining, from rib sur- 
face to rib surface, is 12 ft. 8 in. This is 
somewhat more than is absolutely neces- 
sary but the external diameter is the same 
as that required for the conventional cast- 
iron lining which may have to be used 
on certain lengths where there are junc- 
tions, cross-passages, or other special fea- 
tures. 

The conventional lining, of 12 ft. in- 
ternal diameter, has deep recesses which 
can be used to accommodate comparatively 
bulky signal equipment and other appar- 
atus. The recesses in the flexible jointed 
cast-iron lining are shallow, so that all 
equipment necessarily stands out from the 
inner surface of the tunnel lining. 

The pre-cast concrete lining of the other 
half of the tunnels is also of a new type. 
The tunnel itself is driven by the larger 
of the two drum diggers, to give space 
for a tube of 12 ft. 6 in. internal diameter 
with a lining of pre-cast concrete segments, 
of which various thicknesses — from 
4 1/2 in. to 9 in. — have been tested. 
The final thickness to be used for the Vic- 
toria Line may be 6 in. 

Each tunnel ring is made up of 14 iden- 
tical segments having one cross joint face 
convex and the other concave, so that they 
fit together with knuckle joints similar to 
those used for the iron segments. When 
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the I4 segments are assembled a gap of 
about 7 in. remains at the top. This gap 
is filled by a pair of reinforced concrete 
folding wedges having plane contact faces 
and concave and convex faces respectively 
in contact with the segments on each side. 
The wedge with the wide end nearer to 
the shield is driven home by a pair of small 
hydraulic rams while the other wedge is 
held in position. These two wedges hold 
the whole ring firmly in place. The con- 
crete segments are cast with four holes 
equally spaced round the interior circum- 
ference. These are used for handling in 
the tunnel and will also be used, with 
expanding bolts, for fixing tunnel equip- 
ment, serving the same purpose as the ribs 
of the cast-iron segments. The concrete 
segments are handled by hoists at the work- 
ing face, an expanding bolt placed in one 
of the holes being used to lift them. They 
are lifted into their correct positions by 
a manipulator arm mounted at the rear of 
the shield and held in place by pull-out 
« needles » until the wedges are driven 
into position. 

No grouting is used with either of the 
tunnel linings and there is nothing be- 
tween the rings, except that wood packing 
pieces are inserted between the cast-iron 
segments to distribute the thrust of the 
shield rams. 


[ 625 .172 ] 


New methods in chemical weedkilling 
for railway lines, 


by Dipl.-Eng. LOrLuNp. 


(Die Bundesbahn, No. 


Water and weeds are the greatest enemies 
of the permanent way. It is very important 
to banish them both from railway lines. 
Chemical weedkilling is therefore of double 
interest : on the one hand to eliminate the 
destructive action of the root systems of 
weeds, and on the other to assure the 
proper draining conditions for the bed. 
If vegetable matter and humus is prevented 
from accumulating in the interstices in the 


ballast, water can be expected to drain 
away satisfactorily for a long period. In 


this sense, it might be said that the ideal 
weedkilling conditions would be those 
which made it possible to destroy all seeds 
blown on to the track by the wind, the 
germinated weeds and the growth of the 
roots from the very start. This result is 
very difficult to obtain in practice because 
the seeds and the root systems are very 
resistant. In addition, they appear through- 
out the warm season, so that any steps 
taken to kill them must retain their effec- 
tiveness from the beginning of spring until 
the end of the autumn. 

Obviously weedkilling measures of this 
kind would be far too costly. In fact, a 
weedkilling spray looses its effectiveness in 
general after a few weeks or months. The 
steps taken must therefore be equally effec- 
tive (radical) against all stages of growth 
of many different types of weeds — from 
the seed to the growing plant. 

Are chemical methods the 
method of destroying vegetation to the 
desired extent? Since 1925 until just after 
the Second World War, sodium chlorate 
(Na Cl Os) was the only product used for 
weedkilling. This has a caustic 
the stems and that 


most suitable 


effect on 


leaves, so the plant 


17, September, 


1960.) 


dies after two or three weeks. Sometimes, 
the surface roots are also affected. In the 
case of resistant plants, especially those 
which reproduce themselves by means of 
runners or underground roots, the roots 
are generally unaffected. The plant there- 
fore forms new growth after a short time. 
Sodium chlorate is therefore only comple- 
tely successful when it is possible to apply 
it at least twice a year, as was done up 
to the last war. 


When in 1948, the D.B. recommenced its 
systematic fight against weeds, sodium 
chlorate was again used to begin with. 
But this method could not be retained as: 


1) the necessary quantities of sodium 
chlorate are only manufactured in Central 
Germany or abroad, and difficulty was 


experienced in obtaining supplies; 


2) its long term drawbacks were becom- 
ming more and more obvious caustic 
action on clothing and footwear, risk of 
vegetation sprayed with it catching fire in 
hot weather, and reduced insulation of the 


tracks; 

3) before weedkilling could be recom- 
menced after the war such a varied and 
strong vegetation had grown up that so- 


dium chlorate was powerless to deal with it. 

Since 1953, steps have been taken to try 
and improve the effectiveness of sodium 
chlorate and eliminate its drawbacks. 
Various products have been added to 
the solution for _ this purpose. For 
example, grasses were particularly affect- 
ed by an addition of sodium trichloracetate 
(Cl; C-COO Na) and sodium carbonate 
(Na: COs). To kill dicotyledonous  piants 
2.4 dichlorphenoxyacetic acid was added 
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to the sodium salts (Cs Hs ClO CH: COOH). 
To reduce the risk of fire, magnesium 
chloride (MgCl) was also added, which 
is also known as « special Z salt » and is 
very hygroscopic. These additions, with 
others, were tried in different doses over 
several years. The proportion of sodium 
chlorate was reduced in this way by about 
1/4 to 1/3, but the results obtained never 
fully came up to expectations. 


Fig. 1. 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 349 


are all present, the product can also have 
a bad effect on the electrical conductivity 
of insulated sections of track. It is not 
yet possible to say whether it will continue 
to give satisfaction. 

In 1957, when new chemical products 
for weedkilling were put on the market, 
the D.B. gave up using sodium chlorate. 
The new products are known under the 


— Track spraying train; in the foreground, spray tank; behind, 


tank wagons for supply of spray wash. 


In addition to the sodium chlorate solu- 
tion, for some 30 years a solution of calcium 
chlorate had also been used in the form 
of pulp. In 1957, chlorate of calcium 
(Ca[CL O;].) made its commercial appear- 
ance under a special trade name with new 
additions of active ingredients. Its weed- 
killing properties are most satisfactory, so 
that that this product is still used at the 
present time in some regions. Unfortuna- 
tely, it has certain drawbacks for railway 
operating. For example, it has a tendency 
to make the rails slippery. This can be 
overcome, however, by fitting protective 
covers on the spraying wagon above the 
rails. If various unfavourable circumstances 


designations « 370 » and « 371 ». They 
Sar 
= 
are manufactured in Germany under a 


Swiss patent. These products which are 
extremely toxic to all vegetation are very 
concentrated and have an atrazine base 
and they have no harmful effects upon 
men or animals. They penetrate into the 
nutritional cycle of the plant and destroy 
the vital function of the cells. After 4 
to 5 weeks, the plant dies. ‘Through the 
flow of the sap, these poisons also work 
internally on the roots, so that the plant 
is unable to make any new growth. 

Each product is made up of a large 
number of ingredients which assure a wide 
field of effectiveness. Products 370 and 371 
are made up especially for the flora met 


350 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


with on the permanent way and contain 
products which act above all on gramineous 
plants and_ dicotyledons. The precision 
with which these new chemical products 
can be regulated to destroy a given plant 
can be seen from the fact that there is a 


special one for vines. Product « 371 W » 
contains all the active elements with the 
exception of that for vines. The D.B. 
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3) unaffected by heat or rain, effective 
up to 6 months; 


4) no reduction in the insulation value 
of the track; 

5) no risk of fire; 

6) no danger for humans or animals, so 
that no strict precautions have to be taken 
to safeguard the staff. 


Fig. 2. — 
truck, 


Spraying machine for 


uses this product on lines running through 
the vineyards so as not to risk any damage 
to the vines. 

The advantages of these new chemical 
products are so great that the D.B. is using 
them almost exclusively for its weedkilling 
programme. 
tially : 


These advantages are essen- 


1) low consumption of chemical products 
g/m’ compared with 24 g/m’ previously); 


— 


2) reduced consumption of water (0.2 1/m? 
compared with 0.8 1/m? previously) so that 
one load sprays a greater distance; 


stations, 
In the centre of the set of nozzles, hollow cone equipment; on 
the outside, solid cone equipment, 


mounted on a heavy motor 


During trials, which lasted two years, it 
was apparent that the effectiveness of these 
products could be still further increased 
to a great extent by making use of the 
alternate spraying method. ‘This consists 
of using the first year, between the end 
of summer and the autumn, a_pulverised 
form of product 371 to kill all the grami- 
neous and dicotyledonous plants which are 
difficult to destroy. During the spring 
of the second year, at the beginning of 
the period of growth, a second treatment 
is given using product 370 which is in- 
tended to destroy seed bearing plants. The 
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action of these products is so lasting that 
no further treatment is necessary in a 
good year, until the autumn of the third 
year, when the cycle is started once again. 
It was found that very little vegetation 
grew in the interval, particularly because 
the wash applied remains effective for 
about 6 months. This is approaching the 
ideal solution in which, as we said at the 
beginning, all the seeds and seedlings come 
into contact with the weedkilling product 
as soon as they appear and are immediately 
destroyed. 

Another advantage of alternate spraying 
lies in the 15 month gap after the spring 
treatment. If the region to be sprayed 
is divided into two sections, to begin with 
the first section is sprayed during the first 
autumn. During the second autumn, the 
second section is sprayed, and nothing has 
to be done in the first section. Each 
spraying only has to cover half the region 
concerned. The work of the spraying 
wagons is therefore reduced and they need 
not work to such a close timetable. This 
enables the work to be more carefully plan- 
ned according to the season and the par- 
ticularities of the vegetation. 

The change in weedkilling practice also 
meant adapting the weedkilling trains, of 
which the German Federal Railways have 
several. These consist of a spraying wagon 
and four to six tank wagons each holding 
on the average 30 m*. There is also a 
covered wagon to carry the tools and spare 
chemical products as well as a wagon to 
accommodate the - staff. The spraying 
wagon has a set of pipes, motor pump set 
and pressure regulating valve. As the 
output with the new products is less than 
a quarter of that formerly needed, the 
equipment had to be adjusted. The D.B. 
made these adjustments with the greatest 
care. By this means, they not only arrived 
at the correct output of spray, but also 
a better distribution of the spray over the 
whole width of the track which is 5 m 
on the average. The new nozzles with 
solid cones (unlike the old nozzles with 
hollow cones) have given good results. The 
outside nozzle has been given a particularly 
wide spraying angle so as to cover not 
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only the bed of ballast but also the side 
track. So that this latter can be sprayed 
properly, even when its width varies, the 
pivoting device of the old installation has 
been retained. ivetaGte ater the present 
time, particular importance is attached to 
spraying the side tracks as this is the point 
from which the weeds spread onto the 
track. 

As the spray is harmless, there is no 
need to keep a close watch on the track. 
As a result, it is no longer necessary to 
push the rake. If a level crossing should 
get sprayed, no harm can be caused to 
the road traffic. Consequently as laid 
down, if the speed of the spraying train 
is increased from 35 to 60 km (21 to 
37 miles)/h, great care must be paid to 
adjoining cultivated fields, because the 
spray will travel further with the increased 
wind due to the faster running. 

At the same time, there has been a 
new evolution in connection with weed- 
killing in the stations. A spraying unit 
has been designed consisting of a tank, a 
motorpump and set of nozzles which can 
be mounted on a heavy motor truck with 
the minimum of operations. The motor 
truck is much more mobile in the stations 
than the old spraying trains. The unit is 
stored in the equipment shed of the line 
in question and can be asked for when 
required. <A sufficient number have been 
purchased for each Management to have 
four; it is hoped to have two for every 
operating section. 

The arrangement of the nozzles on the 
spraying machine for stations is more or 
less the same as on the spraying wagons. 
A pipe makes it possible to spray even 
areas that are some way off. Using the 
new chemical products, the 6 m* of liquid 
carried is sufficient for about 6 km _ of 
station sidings. 

The Deutsche Bundesbahn spend some 6 
to 8 million DM each year on chemical 
products for weedkilling, without men- 
tioning the cost of maintaining the weed- 
killing machines and trains and the car- 
rying out of the spraying. ‘The improve- 
ments already made allow it to be hoped 
that these sums ave spent in the best pos- 
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sible way. The carrying out of the rational 
method of alternate spraying should result 
in a few years in a railway system without 
any obnoxious weeds. It is expected that 
it will then be possible to reduce the con- 
centration of the chemical products. ‘The 
amount spent on them will then also be 
reduced. Nonetheless, work is still being 
done on improving the new products as 
well as extending their sphere of action, 


May 1961 


so as to make it possible to destroy even 
those plants which so far have proved 
resistant to treatment. Likewise their 
action should also be extended to cover 
plants which are only found in certain 
regions (in the Alps for example). Finally 
the D.B. is following very closely the new 
products of the chemical industry in order 
to apply them to weedkilling on the 
railway. 
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Automatic operational testing of track-diagram 
push-button type signalling equipment, 


by Willi Geser. 


(Signal und Draht, No. 6, June 1960.) 


1. General. 


The original task of railway signalling 
is to ensure the safety of railway opera- 
tion. Safety can be endangered by a variety 
of causes; there may be a failure of the 
human element, or of the technical installa- 
tions. Even with the very first signalling 
devices, the attempt was made to eliminate 
the possibility of human errors as far as 
possible; hence the mechanical interlocking 
between the mechanical signal levers and 
signal blocking devices of the section block 
system. As the complexity of operation 
increased, the possibilities of erroneous 
actions on the part of the operators also 
became more and more numerous. Even 
conventional railway signalling technique 
is based on an extensive safety system which 
can hardly be improved upon. In earlier 
times, improvements in signalling installa- 
tions were mostly initiated as a result of 
accidents. At that time, preference was 
given to mechanical interlocking, not be- 
cause the potentialities of electric circuit- 
ing were unknown, but because the mech- 
anical interlockings were regarded as safer. 
Even to-day, this opinion is still frequently 
voiced. But, owing to failures caused by 
wear, by excessive strain on the material 
leading to fracture, by corrosion, etc., a 
gradual change of opinion is taking place. 
In modern signalling technique, mech- 
anical interlockings are as far as possible 
avoided, so as to obviate the need for 
applying mechanical forces, and to elimin- 
ate wear. ‘True, there had been attempts 
to guard against such mechanical failures 
by means of exactly defined tests for which 
special devices were created. It was, for 


instance, proposed that the degree of wear 
should be detected before it could become 


dangerous. But such tests can only be 
carried out at certain intervals, without 
the guarantee that, perhaps owing to 


changes in circumstances, a dangerous con- 
dition might not, after all, arise during 
the interval. 

It seemed preferable to design the 
signalling installations in such a way that 
any faulty condition must automatically 
become apparent because the fault will 
impede operation, and must thus, of neces- 
sity, be attended to. This will, of course, 
only be possible as long as each individual 
operation is tested for correct effect before 
the next step can be taken. It is hardly 
possible, however, for such a procedure 
to be based on mechanical means. With 
electrical interdependencies, on the other 
hand, this objective has already been lar- 
gely attained. According to the « General 
Directives concerning Signalling Circuits », 
the trouble must become apparent at once, 
or on the occasion of the next move. A 
drawback of this solution lies in the fact 
that any fault will only be detected in 
the course of operation so that nearly every 
fault will impede normal operation. 

In order to clear such trouble imme- 
diately, it is, with major installations, often 
necessary to keep a maintenance man on 
duty continuously so that he can attend 
to a fault at once. In this way, it is pos- 
sible to keep the incidence of operating 
breakdowns within tolerable limits. To 
circumvent these difficulties, it seems logical 
to carry out an operational test in off- 
peak periods, e.g. at night. By means of 
such a test, it 1s possible to detect a fault 
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before it is able to impede operation. As 
it would not be economic to have these 
tests carried out by a special maintenance 
man, it would seem logical to arrange for 
this test to be carried out automatically, 
and to record the faults thus detected by 
means of an automatic printer. This would 
permit the detection of a fault before it 
can impede operation. At the same time, 
the maintenance man is able to ascertain 


| 
Fig. | 
a) Froat. 
N. B. — Drucker bereits ausgebaut 


from the recording the location and nature 
of the fault. This would enable the 
trouble clearance work to be carried out 
during off-peak periods of operation, and 
the continuous manning of the breakdown 
service could be reduced to a minimum. 
Moreover, if trouble clearance work is car 
ried out during off-peak periods, the faults 


can be located and remedied more easily. 


On the strength of these considerations, 
the Saarbriicken Region of the German 
Federal Railway have developed and instal- 


May 1961 


led a device which automatically tests the 
working of the signalling installation and 
records any faults thus detected in the 
form of a printed message (fig. 1). 

In the present case, the testing apparatus 
was built into a Lorenz track-diagram 
push-button type signal control installa- 


tion. But the apparatus can also be used 
in conjunction with any other, similar 
installation. 


Operational testing apparatus. 


— b) Rear 


printer already removed 


2. Description of the apparatus. 

In designing the apparatus, it was re- 
garded as essential that the testing equip- 
ment should be arranged in parallel to 
the existing installation, without interfer- 
ing with the latter. It appeared desirable 
to provide the apparatus with a plug board 
and the existing installation with plug 
sockets, so that it is possible to mount the 
testing equipment in any signalling instal- 
lation of this type, depending on local 
requirements. 
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2.1. Setting up a route. 


Figures 2a and 26 illustrate the con- 
nection scheme required for a train arrival. 
As the diagram shows, the testing appar- 
atus can be actuated by connecting a 60 V 
D.C. supply to terminal 5b4 in the en- 
trance group (home signal) and to terminal 
1a 2 in the exit and runaway section group. 
The necessary connections at the interme- 
diate distributor frame are shown in broken 
lines. As is well known, the Operation of 
the push buttons is followed by the route 
selection, and this process must therefore 
also take place in the case of a simulated 


connection through a rotary switch. The 
Sov 60 
264 
56s 
F aes ™ 
a 0) 
ia 

x oe Drehschalter 

4 finfahr | Finfabrt aston 

6197e8/ | 
5ch = 

‘ied i 

a Saar >) 

° ‘a = Steckerbuchsen+ Steckerleisten 

5b4 
ST 
Fig. 2a. — Home signal. 

N. B. — Einfahr signal — home signal. — Tisch 
= desk. — Zwischenvyerteiler — intermediate dis- 
tributor. — Drehschalter = rotary switch. — Aus- 
fahrt = departure. — Einfahrt = arrival. — Stec- 
kerbuchsen + Steckerleisten = plug sockets and 


plug boards. 
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further progress of the switching opera- 
tions depends on the release of the push 
buttons. To simulate this action, a relay 
has been connected in parallel to the pilot 
lights indicating the position of the push 
buttons on the operating desk (fig. 3). By 
means of contact (1) in figures 2a and 2b, 
this relay causes the normal sequence to 
be cut out. All further operations, up to 
the change of the signal indication, now 
follow automatically as with normal opera- 
tion. The route for a departure movement 
is set up, and the signal changed, in a 
similar way, except that this time the push 
button relays corresponding to the de- 
parture movement are energized. The selec- 


60V 


Zwischen-~ 
verteiler 


pee 


Zwischen- 
verleler 
fT 
Fig. 2b. — Exit group and runaway section. 
N. B. — Zieltaste = exit push-button. = Tisch 
= desk. — Zwischenverteiler — intermediate distri- 
butor. — Einfahrt = arrival. — Ausfahrt = de- 
parture. 


356 


tion is carried out by means of a manual oper- 
ation of the arrival or departure switches. 


22. Route cancellation. 
2.21. Arrivals. 


When the signal indication has changed, 
the route cancellation (auxiliary cancella- 
tion) can be initiated. 


my 60r 


~ = 
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connections are shown as broken lines. The 
cancellation must not take place before 
the home signal has shown a « Clear » 
indication. FI2 is therefore connected 
by means of a contact of the « signal 
clear » indicator SFU shown in figure 5 
which is likewise connected in parallel to 
the desk pilot light. To ensure the comple- 


6or mV 
= ~ 


1a0 | TFA ao 
! std 
{rie | Tisch 
2b4 said fialabrt Avsfal 
iti ee Bee EMR Tpeee oo oy 
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| TM | sFu | 
| | 
™ 

| | a@® ed met 
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Zmischen- 
reer So = oe oS © 2 
\ \ 
1 TeM ! 
_ ) 
Fig. 3. — Push-button Fig. 4. — Route Fig. 5. — Signal clear 
position indicator. cancellation. indicator. 

N. B, — Tisch = desk. — Zwi- N. B. — Zihlwerk timing de- N. B. — Tisch = desk. — Zyv 
schenverteiler = intermediate vice. — Tisch desk. — schenverteiler = intermedia 
distributor. — Einfahrt arri- Zwischenverteiler interme- distributor. — Einfahrt = ar 
val. — Ausfahrt = departure. diate distributor. —  Einfahrt val. — Ausfahrt = departurt 

= arrival. — Ausfhart = de- 
parture, 


Figure 4 illustrates the cancellation of 
the route by means of exit push-button 
and auxiliary route key. With this opera- 
tion, relay FI 2 in the exit group is ener- 
gized, as shown in figure 2b, by a contact 
of SFU (marked) (2). This cancellation 
can likewise take place in parallel to the 
operation of the push-button without 
actuating a timing device. The necessary 


tion of the route cancellation, relay SFU 
is fitted with a time lag device which 
enables the route to be completely released 
so that the push-button position repeater 
is in the normal position. 


2.22. Departures. 


With departure movements, the block 
relay set « outgoing » acts as exit group. 
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This relay group is therefore influenced, 
inter alia, by the route locking relay (F f), 
the « Route clear » indicator (FM), and 
the route control relay (FU). Also, in this 
group, the rotary switch is actuated. In 
order once to restore the normal position 
during the operational test, it is necessary 


either to block ahead by means of the 
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diagram, the block repeater relay (VbM) 
is energized when the rotary switch is in 
the zero position and the SFU relay is 
energized. The VbM relay now remains 
energized through self-excitation until the 
rotary switch has reached step 11. The 
impulses required for this Operation are 
supplied by relay B 1. 


ny 
n~ eoyv 
= 
Tag 208 
vom 
n 
Ausf 
262 
Zwischen- Bi Bl 
= —_—_s ie = — — 
Verteiler € = Bl 
a SFu vom 
l ) VbAt D 
i Tisch 
Fig. 6. — Rotary switch in the « outgoing » block relay set. 
N. B. — Tisch = desk. — Zwischenverteiler 


= intermediate distributor. 


block group push-button (BLGT) and the 
open-line push-button and to block back 
from the next station, or to return the 
rotary switch in the block relay set « out- 
going » to the normal position by hand. 
Such interference should, however, be 
avoided if at all possible (*). Nor would 
such interference be possible, if all the 
relay groups are lead-sealed. As figure 6 
shows, the connection scheme can also be 
arranged in such a way that the normal 
position of the rotary switch is automa- 
tically restored. As is apparent from the 


(*) Cf. STEINFELD: « Priifen von Spurplan- 
stellwerken » (Testing of track-diagram push- 
button type signalling installations). « Signal 
und Draht », 1957, p. 133. 


4 


2.3. Design of the testing apparatus. 


With the entrance-exit signalling tech- 
nique, all equally possible routes can also 
be set up and covered by signals, subject 
to limitations due to the positioning of 
the signals. It is therefore possible to 
set up, successively, all departure routes 
from tracks « | » to « n », or all arrival 
routes to tracks « ] » to « m ». Each sta- 
tion track was therefore assigned to one 
step of a rotary switch, and each open-line 
track to one step of another rotary switch. 
If the first step of a rotary switch of a 
station track is connected, and if the rotary 
switch for the open-line tracks is set for 
a specific track, the corresponding step 
contacts will close, and the route will be 


358 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


set up in the way described above. If all 
the relays belonging to the route are in 
the normal position, the rotary switch asso- 
ciated with the station tracks will switch 
over to the next station track (relay PU 
in fig. 7). This process is repeated until 
all the possible routes leading to the open- 
line track concerned have been set up and 
cancelled again. After this testing process, 
the apparatus is automatically restored to 
the normal position by means of appro- 
priate auxiliary relays. 


n 
ks) 
s 


— Actuation of rotary switch 
and trouble printer. 


Bigs 7s 


If, during the connection of a _ route, 
the « signal clear » proving relay SFU 


does not react, there is a fault in the instal- 
lation. The fault is 


recorded by means 
Olea type of printer known from. tele- 
communication technique, The printei 


(« trouble printer ») is connected by means 
of relay An, as shown in figure 7. If 
relay x has been energized, by the setting 
up of the first route (relay TM), the voltage 
is disconnected by relay An; but, due to 
the parallel-connected capacitor, the relay 
has a time lag of 20 sec (the time lag can 
be adjusted as required). If relay x does 
not drop within 20 sec, relay An will drop, 
and will connect the trouble printer. 
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2.4. Connection of the testing apparatus. 


The testing apparatus is switched in by 
the station inspector by means of the con- 
trol panel, shown in figure 8. It is pos- 
sible to switch in the apparatus in such 
a way that all the arrival and departure 
movements covered by the signalling instal- 
lation are automatically tested one after 
the other. For operating reasons, however, 
this cannot be done at every station. The 
control panel is therefore so designed that 
the operational test can be carried out 
separately for each line. ‘The station in- 
spector will therefore press the « arrival » 
or « departure » button, respectively, and 


Avtfoart 
—_ ——el 
Fig. 8 Control panel. 
N. B Einfahrt arrival. — Ausfahrt = de- 
parture — Abschalttaste cut-out push-button. 


dial the number of the open-line track 
(as explained below). The apparatus is 
thereby switched in, and the automatic 


testing of the routes concerned is initiated. 


9 


2.5. Trouble printer. 


\s already 
recorded by 


mentioned, ~the faults are 
means of a small automatic 
printer, of the type used in telecommunica- 
tion technique for the automatic printing 
of telephone charges. This printing instru- 
ment is equipped with type wheels for the 
printing of: 

a) the subscriber's code number (3  di- 
gts); 
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b) the charge (4 digits); 

c) the clock time (3 digits). 

For the purpose of fault recording, it 
is likewise necessary to print the clock 
time. These three digits were therefore 
left unaltered and are connected to a 
master clock in the normal way. The code 
numbers otherwise used for identifying the 
subscriber are used to denote the routes, 
which therefore had to be numbered. The 
first digit, from 1 to 0, denotes the open- 
line-tracks, so that these, too, had to be 
given consecutive numbers. Even numbers 
are assignated to arrival tracks, and odd 
numbers to departure tracks. In order to 
differentiate between arrivals and _  de- 
partures on single-track lines, such tracks 
are given two numbers, viz., an even num- 
ber for arrivals, and an odd number for 


departures. The next two digits serve 
to denote the station tracks. vis ae a 
code « 211 » indicates an arrival from 


open-line track 2 to station track 11; code 
« 325 » denotes a departure from station 
track 25 to open-line track 3. 

The four digits normally used for the 
printing of charges are used for recording 
the fault. As is already apparent from 
figures 2 to 6, any interference with the 
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different groups was avoided, and the 
apparatus is merely connected to the inter- 
mediate distributor parallel to the operat- 
ing desk. With this limitation, it is pos- 
sible to simulate, and to record, the fol- 
lowing operating contingencies of the 
routes which are also illuminated on the 
track diagram : 

a) push-button position indicator TM 
(route selection completed); 


b) route locking relay F f; 

c) « signal clear » proving relay SFU; 

d) for departure movements, the block 
repeater Vb M. 

By way of example, the table shows some 
recordings of an operational test, with ex- 
planations. 


2.6. Fault recording during operation. 


It is common knowledge that, when 
faults are investigated, the statements made 
by signal maintenance staff and operating 
staff, respectively, are sometimes in conflict 
with each other. It would therefore seem 
desirable to make an automatic distinction 
between operating errors and_ technical 
faults in the installation. For this purpose, 


TABLE. — Interpretation of printer recordings. 


Open-| Sta- 
line | tion 
track | track 


SFU | VbM | Time 


Interpretation 


At 4.15 a.m., arrival routes from open-line track 
2 to station tracks | to 3 working correctly 


At 4.16 a.m., no excitation obtained at route 
setting relay Ff for arrival from open-line track 
2 to station track 4. 

At 4.16 a.m., signal for arrival from open-line 
track 2 to station track 5 not cleared. 

At 4.16 a.m., no excitation obtained at route 
setting relay Ff for arrival from open-line track 
2 to station track 5. 
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it is not sufficient to record the operation 
of the auxiliary push-buttons, as has already 
been done with a number of installations, 
or to rely on the entries in part C of the 
trouble log book, as the auxiliary push- 
button can be operated at will. Their 
operation can therefore not be regarded 
as conclusive evidence of trouble. With 
the aid of the testing apparatus here des- 
cribed, it is also possible to record all 
the faults which have occurred in normal 
operation. When two co-acting push-but- 
tons are operated, the route is connected 
(i.e. relay I'M is energized). As already 
shown in figure 7, this will cause the 
relay x in the testing apparatus to be ener- 
gized, and one contact of the latter will 
disconnect relay An. If this is not fol- 
lowed, within 20 sec (corresponding to the 
time lag imposed on relay An), by the 
connection of relay SFU (« signal clear » 
proving relay), the printer is switched in, 
and the recording is made in the same 
way as with the deliberate operational test. 


3. Conclusions. 


The descriptions and diagrams given 
above are merely schematic, and are only 
intended to explain the working of the 
testing apparatus; they are therefore not 
comprehensive. Reference has also been 
made to the method by which movements 
in both directions (arrival and departure) 
are tested. As the diagrams show, all the 
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relays can be used for arrivals as well as 
departures. This arrangement was neces- 
sary in order to minimize the size of the 
installations. With the aid of this testing 
apparatus, a fault in a track-diagram push- 
button type signalling installation can be 
detected before it is able to impede opera- 
tion. It is thus possible to reduce the 
incidence of breakdowns. It is common 
knowledge that, in the event of special 
measures due to some trouble, the operat- 
ing staff are apt to be somewhat wary, 
and this can also be avoided. Moreover, 
the maintenance staff can be relieved of 
routine testing work, and can thus devote 
more time to more important duties, 
tests, etc. Also, the reliable working of 
the track diagram push-button type instal- 
lation is continually watched by the appar- 
atus, and all human errors in the record- 
ing of faults are eliminated. The auto- 
matic indication of any trouble in the 
installation relieves the maintenance staff, 
and trouble clearance duties can be con- 
fined to certain periods of time so that 
the need for continuous manning might 
be obviated. The maintenance staff are 
able to carry out the work at leisure, and 
during off-peak periods of operation. 

For these reasons, it would appear de- 
sirable, in the further development of track 


diagram type signalling installations, to 
design the intermediate distributor, from 
the outset, in such a way that testing 


apparatus can be connected. 
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Adapting the track layout to the timetable, 


by Dr.-Eng. Gerhard Zimmer. 


(Signol und Draht, No. 5 


1. General. 


As part of the railway electrification 
programme, it is intended to raise, in 
future, the maximum speed of through 


goods trains to 75 km/h. In conjunction 
with the higher acceleration of electric loco- 
motives, this speed increase will tend to 
equalize the running times of all « slow » 
trains (ie. local and medium-distance _pas- 


Sichistrecke 
2400m 


Zuglange 


Sperrstrecke 


5, May 1960.) 


maximum speed beyond 120 km/h is, in 
many cases, limited by the physical con- 
dition of the line which can no longer 
be improved with economically justifiable 
means. It is common knowledge that an 
increase in the maximum speed of express 
trains does not yield any appreciable gain 
in running time, unless the train is able 
to run at the higher speed over long sec- 


Fig. 1. — The arrival blocking time as a factor determining 
the basic train interval. 


Running time over the blocking 
distance at a speed of Vg 
=. 72 km/h : 


Setting up and cancelling the route, 


24 &< 60/72 = 2.0 min 


with push-button type signalling. max. 0.5 min 

Blocking time , 2.) Tin 

Time margin > 2.5 min 

Train interval we 5.0) mm 

N. B. — rd 3/4 . Sperrstrecke = approx. 3/4 of blocking distance, — 

Gefehrpunkt = danger point. — Zugeinwirkung fiir Auflésen der 

Fahrstrasse = point at which the train permits the cancellation of 

the route. — Zuglange — length of train. — Sichtstrecke — sight- 
ing distance. — Sperrstrecke — blocking distance. 


senger trains, and goods trains), which at 
present still differ considerably, and will 
greatly reduce the differences in running 
times of slow and express trains. ‘There 
will thus be, in more than one respect, 
an approach to the ideal of the « parallel » 
timetable. For, as far as the express trains 
are concerned, a further increase in the 


tions. But, in view of the general align- 
ment of our main lines which dates back 
fifty years or more, this is rarely possible. 
In the circumstances, the principle of the 
« parallel » timetable will again assume 
importance in the future in particular 
this principle opens up new _ possibilities 
for future operation and track layout. 
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2. The principle 
of the « parallel » timetable. 


For the purpose of this discussion, the 
basic pattern of the « parallel » timetable 
will be deemed to be represented by the 
pattern of parallel time-distance lines of 
through goods trains which, up to a few 
years ago, were still shown as grey lines 
in the official graphic timetables. This 
basic pattern is determined by the train 
interval and by the time-distance lines of 
a train of a given weight, hauled by a 
given locomotive. The following investiga- 
tions are based on the assumption of an 
electrically hauled through goods train of 
2000 tons, running at a maximum speed 
of 75 km/h, hauled by an E 50 locomotive, 
and having a total length (including loco- 
motive) of 750 m. Having regard to the 
normal time margin factor, the scheduled 
speed (slope of the time-distance lines) 
must be correspondingly lower; it is here 
assumed to be 75/1.05 = approx. 72 km/h 
(= 1.2 km/min). The train interyal is 
governed by the minimum headweys at 
which trains running in any direction are 
able to negotiate certain operational bot- 
tlenecks such as major junctions or terminal 
facilities at major stations. According to 
figure 1, the train interval is governed by 
the minimum arrival headway since, for a 
through train, the minimum interval on 
the departure side of the station is about 
the same if the distance between distant 
starter and starter signal is, as in the case 
of the home signal, about 1000 m. For 
a sequence of conflicting movements, a 
time margin of 2.5 min is not excessive. 
In his article entitled « His Majesty, the 
Time Margin » (*), DILLI even regards 
a margin of 3 min as desirable. If it is 
postulated that, at a bottleneck point, it 
must still be possible for a conflicting mo- 
vement to be carried out between two 
trains running in the same direction, one 
arrives at a train interval of 2 x 5 
= 10 min for the basic timetable pattern 
(fig. 2). On the other hand, a conflicting 
movement at bottleneck points between 
ie ANG pe ek SE a 
is (*) « Eisenbahntechnische Rundschau », 1952, 
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two trains running in the same direction 
will not take place in all cases, as it must 
be assumed that these bottleneck points 
are used by a sequence of movements in 
any direction. For that reason, the divi- 
sion of the line into block sections must 
be based on the time governing the head- 
way at bottleneck points, i.e., in our case Z 
— 5.0 min. This means that, in the basic 
timetable pattern, it is still possible to 
insert a train half-way between two basic 
pattern lines provided that the bottleneck 
points negotiated by that train are not, 
during that basic interval, occupied by con- 
flicting movements (indicated in figure 2 
by short broken lines). 


3. Advantages and possibilities of adapt- 
ing the basic timetable pattern to 
operational key points. 


In the following, the term « bottleneck 
point » will be replaced by « operational 
key point », thus reflecting the fact that 
operational key points can be largely de- 
prived of their undesirable bottleneck 
character if the basic timetable pattern is 
suitably adapted to the track layout. As 
figure 2 shows, trains working at 10 min 
intervals will meet a train running in the 
opposite direction at intervals of 5 min 
which, at a running speed of 72 km/h, 
correspond to sections of 6.0 km_ length. 
In a horizontal cross-section of the graphic 
timetable, the points of intersection with 
the time-distance lines mark the position 
of the trains at the corresponding point in 
time. In figure 2, a horizontal cross-sec- 
tion of this kind is shown at the time of 
7.5 min, i.e. exactly half-way between the 
time at which trains running in opposite 
directions meet. At this moment, the trains 
of both directions are equi-distant from 
each other, the distance between them 
being the same (6.0 km) as that of th 
train meeting points. If there is, in 
figure 2, an operational key point at 
km 15.0, it would be possible for a train 
running in the direction from right to 
left to pass without hindrance, and with 
the requisite time margins of 2.5 min either 
way, between two trains running in the 
opposite direction. But if the operational 
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key point is even a short distance away 
from this point, the time margin available 
to a preceding or following train is reduced, 
and the inadequate time margin O_ is 
already reached at a distance of 1.5 km 
on either side of the 15.0 km point. It 
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operational key points in this section of 
line should be dealt with. In this case, 
however, it is possible to resort to systematic 
two-way track working. If, with right-hand 
running, a train is due to be diverted to 
the left, this constitutes a conflicting move- 
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Fig. 2. — Basic timetable pattern of a double-track railway. 


N. B. — Streckenband = distance scale. — Zweidimensionale Darstellung... = two- 
dimensional representation (graphic timetable). — Eindimensionale Darstellung... 
= uni-dimensional representation (running time scale shown against distance scale, 
on an enlarged scale). — Schnellzug = express train. — Giiterzug = goods train. 


follows that adequate time margins at 
operational key points can only be obtain- 
ed if the latter come to lie close to the 
half-way points between the intersection 
points of the basic timetable pattern. 

The basic timetable pattern over a sec- 
tion of line can of course only be adapted 
to one specific operational key point so 
that the question arises how the remaining 


ment creating an operational key point. 
But if the train can be switched over to 
the left-hand track, the diversion does not 
represent a conflicting movement, and no 
operational key point is created. An oper- 
ational key point, though geographically 
fixed, can thus be eliminated by arranging 
for two-way track working between that 
point and the nearest suitable point de- 
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termined by the basic timetable pattern. 
In this way, the operational key point is, 
as it were, shifted from its original loca- 
tion to the two-way crossovers where the 
two-way track working commences. ‘This 
will be explained in Section 6 by means 
of examples. 


4. The express train 
in the basic timetable pattern. 


Special comment is called for in regard 
to the objection that, in the graphic time- 
table, express trains occupy a position en- 
tirely different from that of the trains of 
the basic pattern so that the idea of adapt- 
ing the track layout and the basic time- 
table pattern to each other is liable to lose 
much of its value. In figure 2, the time- 
distance line of an express train running 
at a speed of 120 km/h has been plotted 
as a broken line, inserted between the time- 
distance lines of the trains of the basic 
pattern which run at a speed of 72 km/h. 
Over a section of 30 km, corresponding to 
5 times the distance az of the intersection 
points of the basic pattern, the difference 
in running times, AF 10 min, is equal 
to the train interval in the basic pattern. 
Thus, if the time-distance line of an ex- 
press train passes through one intersection 
of the basic pattern (as shown in figure 2) 
it will also pass through certain other inter- 
section points, provided that the difference 
in running times over a section correspond- 
ing to a whole multiple of the interval 
of the intersections of the basic pattern 
exactly corresponds to the train interval 
in the basic pattern. This condition is 
kept in such general terms that it can 
hardly be regarded as imposing an appre- 
ciable constraint on the timetable. 
investigation of the time-distance line of 
an express train between two intersection 
points of the basic pattern (at km 0.0 and 
km 30.0 in figure 2) shows that, although 
there is a difference of varying magnitude 
between the passage times of the 
train and the trains of the basic 
at the intermediate intersection points 
(amounting, according to figure 2, to 
— 2,— 4, + 4 and + 2 min, respectively), 


A. closer 


express 
pattern 
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this difference amounts at three out of 
five intersections to less than the available 
time margin of 2.5 min. These considera- 
tions concerning the features and possibili- 
ties of an organic insertion of the time- 
distance lines of express trains into the 
basic timetable pattern should be suffi- 
cient to refute the objection referred to 
at the beginning of this Section. 


The influence of the problem of 
overtaking on the design of the track 
layout. 


The « problem of overtaking » is here 
meant to comprise the need, in the widest 
sense, for scheduled or unscheduled changes 
in the sequence of trains on a double-track 
railway, not only at stations but also on 
the open line where overtakings might be- 
come necessary in an emergency, e.g. be- 
cause a train has broken down on the line 
(e.g. due to a hot axle-box) and must be 
by-passed on the other track. 

According to figure 2, the maximum 
distance ii between overtaking stations on 
a section of a km length is determined by 
the proportional equation i = a . Z/ AF, 
where Z is the basic train interval, and 


AF the difference in the running times 
over the section a. For instance, on the 
7.7 km long section from Kattenvenne to 


Lengerich (Westphalia) on the Wanne- 
Bremen line, the running time of a steam- 
hauled through goods train is about 13 min, 
whilst that of a steam-hauled long-distance 
express train is no more than 4 min. With 
a minimum train interval (according to the 
graphic timetable) of 8 min, the maximum 
distance between overtaking Ss on 
this section works out at ii = 7.7 x 8/(13-4) 
= say, 6.8 km, whilst the ae between 
Lengerich and the intermediate overtaking 
station at Ringel is 5.0 km. . With electric 
traction, the speed attainable by a through 
goods train would be increased to 72 km/h 
so that its running time over this section 
would be reduced to 7.7 x 60/72 = 6.4 min. 
But the running time of an express train, 
running at 120 km/h, would only be re- 
duced to 7.7 X 60/120 = 3.85 min. In the 
circumstances, and with a train interval 
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of Z = 5.0 min, the maximum distance be- 
tween overtaking stations would be increas- 
ed to i = 7.7 X 5/(6.4-3.85) = say, 15.1 km, 
1.€. to about three times the present inter- 
station distance between Ringel and Len- 
gerich. But as long as the tracks are 
signalled for unidirectional working only, 
it would not be practicable, for operating 
reasons, to increase the station distances, 
e.g. through closing certain stations, as this 
would unduly increase the difficulties for 
overtaking in 
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equip the line with automatic block system. 
Unidirectional track working is retained, 
and the delays due to emergency wrong- 
road working must be accepted; 

II) to close minor stations, inasmuch as 
this measure can be justified by operating 
considerations (reduced difference in run- 
ning times, due to electric traction) and 
by traffic considerations (rationalisation 
measures). The longer sections between 
stations are equipped with automatic block 


an emergency (wrong-road and_ intermediate crossovers, permitting 
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Fig. 3. — Tractive effort-speed characteristic of an E50 


locomotive with a load of 2000 tons. 


working). This is presumably one of the 
reasons why, in spite of the reduction in 
the difference in the running times of fast 
and slow trains brought about by electrifi- 
cation, the electrification schemes carried 
out so far have only rarely been associated 
with a reduction in the comparatively great 
number of overtaking points, originally 
required for steam operation. But as a 
result of recent tendencies to rationalize 
the operation of the railways by closing 
down small establishments, the question 
of closing minor stations, even on main 
lines, has again become topical. In the 
circumstances, only two alternative solutions 
are available for the future design of the 
operating installations of double-track rail- 
ways on conversion to electric traction : 


I) to retain all the existing stations, mo- 


dernize their signalling by means of push- 
button type signalling installations, and 


systematic two-way track working on each 
track even over shorter sections of line. 

In order to make the most of the poten- 
tialities of systematic two-way track work- 
ing, this solution must, of necessity, be 
associated with the remote control of 
signalling over a fairly long section of line 
(between two major junction _ stations). 
Also, as explained in Section 3, it is advis- 
able to place the new crossovers half-way 
between the meeting points of counter-run- 
ning trains in the basic timetable pattern 
(« systematic two-way track working with- 
out bottlenecks »). 


6. Conversion of a section of line for 
systematic two-way track working 
without bottlenecks. 

Figure 4, illustrates the suggestion, de- 
veloped in Sections 3 and 5, for « systematic 
two-way track working without bottlenecks » 
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on the Miinster (Westphalia)-Osnabrick 
section of the line from Wanne to Bremen. 
As the two-dimensional representation of 
the graphic timetable is unsuited for the 
large distance scale, a uni-dimensional form 
of representation has been developed (cf. 
fig. 2b) which contains all the data of the 
basic timetable pattern required for the 
planning. Here, the well-known represen- 
tation of the time-distance line as a run- 
ning time strip is supplemented by small 
black and white triangular marks. ‘The 
intersections of the lines of the basic time- 
table pattern (meeting points of trains run- 
ning in opposite directions) are marked by 
black triangles, whilst the half-way points 
between them, which provide suitable posi- 
tions for operational key points such as 
cross-overs, or junctions for conflicting 
movements, are marked by white triangles. 
The key junctions nearest to the terminal 
stations. Minster (Westphalia) and Osna- 
briick are situated at Sudmihle carriage 
sidings (km 72.3; junction with the Minster 
goods loop line) and at Horne (km 114.0; 
junction with the second pair of tracks 
between Horne and Osnabriick). ‘The 
distance between these two operational key 
points is 114.0 — 72.3 = 41.7 km, i.e. only 
slightly shorter than the distance corres- 
ponding to seven times the interval between 
intersection points of the basic timetable 
pattern (7 X 6.0 = 42.0 km), as shown in 
figure 2. In this case, the basic timetable 
pattern can therefore be so arranged that 
both junctions come to lie at points marked 
by white triangles (km 72.2 and 114.2). 
First, however, it is still necessary to exa- 
mine, on the basis of the tractive effort- 
speed characteristic (fig. 3) and the mean 
rolling resistance, whether the maximum 
speed of 75 km/h assumed for the basic 
timetable pattern can in fact be adhered 
to over the whole section of line con- 
cerned. ‘This happens to be the case, since 
the maximum value of the mean rolling 
distance, amounting to 4.7 °/o between, 
Hohne and Lengerich (Westphalia), is still 
below the tractive effort of approx. 4.8 kg 
per ton available at the speed of 75 km/h. 

Among the intermediate stations, Len- 
gerich (Westphalia) and Hasbergen (Co. 
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Osnabriick) are major stations with con- 
siderable local and _ interchange _ traffic, 
which cannot be closed. Similarly, it will 
be necessary, for operating reasons, to re- 
tain the stations at Sudmiihle and Horne 
which serve as advance junction points for 
Minster and Osnabriick, respectively. In 
Section 5 and figure 2, the maximum 
distance between overtaking stations has 
been calculated to be ii = 15 km so that, 
having regard to the retention of the inter- 
mediate stations Sudmiihle, Lengerich, Has- 
bergen and Horne, referred to above, it is 
only necessary to subdivide the approx. 
26 km long section between Sudmiuhle and 
Lengerich by providing a station for over- 
taking purposes. <A station suitable for 
this purpose is Brock-Ostbevern. 


In addition to the key junctions at Sud- 
miihle and Horne already referred to, it 
is also necessary, under present track layout 
conditions, to regard the entrances and 
exits of the local goods yards at Lengerich 
and Hasbergen, in the direction from Bre- 
men to Wanne (empty wagons), as opera- 
tional key points since they give rise to 
conflicting movements. 


With the basic timetable pattern here 
adopted, the position of the departure 
crossover at Hasbergen happens to coincide 
with a « white triangle » position (at 
km 108.2) so that this crossover is correctly 
situated from an operating point of view. 
But at the arrival crossover at the other 
end of Hasbergen goods yard, some 1 km 
away, the time margin of 2.5 min available 
at the departure crossover would already 
be reduced jtoc2ex<ehGe GU? = say, 
1.7 min so that the remaining time margin 
of 0.8 min would be inadequate. It would 
therefore be preferable to divert a goods 
train entering Hasbergen yard to the left- 
hand track from Horne to Hasbergen. In 
that case, the train in the opposite direc- 
tion, meeting this train at km 111.2 (black 
triangle), would also have to use the left- 
hand track from Hasbergen to Horne. 


_ At Lengerich (Westphalia), a train meet- 
ing point (black triangle at km 99.2) is 
situated within the station area so that 
in this case, in contrast to Hasbergen where 
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the need for using the other track is con- 
fined to the conflicting arrival movement, 
it will also be necessary to use the other 
track for the conflicting departure move- 
ment. The corresponding crossovers are 
located at Schollbruch (km 102.2) on the 
arrival side, and at Hohne (km 96.2) on 
the departure side. 

Further two-way crossovers are envisaged 
at Ems (km 78.2) and at Kattenvenne 
(km 90.2) (replacing the existing crossovers 
for wrong-way working at Ems, Westbe- 
vern and Kattenvenne stations which would 
be closed) so as to obtain an adequate 
sub-division of the long sections between 
the remaining stations for emergency left- 
hand working which would then, however, 
be properly signalled. 

The crossovers would have to be equip- 
ped with points of type 49 — 760 — 1: 14 
which permit a maximum speed of 80 km/h 
over the deviation. As far as scheduled 
left-hand running is concerned, this would 
therefore have to be confined to trains of 
the basic pattern, whilst express trains with 
speeds of 120 km/h and more would not 
be suitable. 

For normal right-hand running, the auto- 
matic block sections corresponding to the 
sections between the stations and the two- 
way crossover points are based on a train 
interval of Z = 5.0 min, with 1 min time 
margin. With automatic block working, 
the blocking time is equal to the running 
time of the train over the blocking distance. 
Assuming a distance of 1.0 km between 
the rear of the train and the distant signal 
(cf. fig. 1), a distance of 1.0 km between 
distant signal and main signal, a distance 
of a km between successive automatic block 
signals, and a distance of 0.2 km between 
the second automatic block signal and the 
point at which the train permits the can- 
cellation of the route, the blocking time 
is equal to (a + 2.2) X 60/V min. With 


V = 72 km/h and a specified blocking 
time of 5 — 1 = 4 min, one obtains a 
maximum automatic block signal spacing 
(aN (i I 72/60 — 2.2 = 2.6 km. For 


left-hand running, a further sub-division 
by automatic block signals of the sections of 
line referred to above is not contemplated. 


The method, here described, of systema- 
tically locating the operational key points 
(conflicting route movements; crossovers) at 
selected points of the basic timetable pat- 
tern is not confined to the case, assumed 
in the above example, of a constant speed 
of the trains of the basic pattern over the 
whole section of line; the method can also 
be used if a different speed applies to a 
given section (e.g. on a heavy gradient). 
In this case, too, the meeting points of 
trains running in opposite directions, in 
accordance with a pattern based on a given 
operational key point, can easily be deter- 
mined from the running time characteristics 
for each direction. 

It is relevant to point out one special 
advantage of the two-way crossovers for 
two-way track working: These crossovers 
can be provided at almost any point of a 
double-track railway (with comparatively 
rare exceptions such as long bridges, or 
sections where the two tracks are on dif- 
ferent levels). The arrangement here pro- 
posed, based on two-way track working 
without bottlenecks, is therefore almost in- 
dependent of the operational key points 
governed by the route alignment and the 
position of the stations. 


7. Cost estimate and conclusions. 


For the example referred to in Sec- 
tion 5, viz., the line from Miinster (West- 
phalia) to Osnabriick, a broad comparison 
has been prepared of the costs of the alter- 
native solutions I (unidirectional track 
working) and II (systematic two-way track 
working without bottlenecks). The estimate 
for both alternatives is based on _ the 
assumption of electric traction. Moreover, 
solution I assumes the existence of auto- 
matic block signalling and of push-button 
type signalling installations, as well as the 
retention of all existing stations. Solu- 
tion IT presupposes, in addition, the remote 
control of the signalling installations but 
assumes the closure of certain stations in 
accordance with the possibilities afforded 
by electric traction (reduced difference in 
running times). 


That portion of the capital cost which 
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is about the same for both alternatives, 
does not affect the comparison and 
can be ignored. This consideration also 
apples, inter alia, to the railway telecom- 
munications system, since the reduced cost 
of local telecommunication systems asso- 
ciated with solution II, where Operation 
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extra cost of the necessary long-distance 
connections to the line controller. The 
estimates have therefore been confined to 
the additional items of expenditure associat- 
ed with each alternative solution, i.e. those 
items which are not, or not to the same 
extent, associated with the other solution 


1s remote-controlled, is balanced by the as well. The results of this estimate are 
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Fig. 5. — Comparative cost estimates for the line from Munster to Osnabriick. 


excess capital cost. — Fahrleitungen = catenary. — Gleise 
= tracks. — Weichen — points. — Signalanlagen = signalling installations. — Signalbriicken — signal 
gantries. — Summe = total. — Besondere Selbstkosten = excess annual costs. — Vorzeitig ausser 
Betrieb zu setzende Anlagen = installations to be removed prematurely. — Restnutzungsdauer : 1/2 lebens- 
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N. B. — Besonderer Anlagenaufwand = 
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graphically compared, for both solutions, 
in figure 5. : 

Excess capital expenditure is divided into 
catenary, tracks, points, signalling instal- 
lations, and signal gantries. In the case 
of solution I (unidirectional working), the 
excess capital expenditure arises from the 
cost of the overtaking loops at Ems, West- 
bevern, Kattenvenne, Ringel, Schollbruch 
and Natrup-Hagen which are not needed 
for solution II. In the case of solution II, 
the excess capital expenditure arises from 
the cost of the crossover installations at 
Ems, Kattenvenne, Hohne and Schollbruch, 
and of the corresponding track connections 
at Hérne. Certain minor modifications of 
the track layout at Sudmiihle, Brock-Ost- 
bevern, Lengerich and Hasbergen stations, 
required for their adaptation to systematic 
two-way track working, can be carried out 
without extra cost on the occasion of 
scheduled permanent way renewal works, 
especially as the conversion is usually asso- 
ciated with a reduction in the number of 
points. The higher cost of signalling instal- 
lations in the case of solution II is due 
to the two-way track working and to the 
remote control] of the signalling installa- 
tions between Sudmiihle and Hérne, assum- 
ing that the line signal box is located at 
Lengerich, near the centre of the section 
of line, and that all other signalling posts 
are remote-controlled from there, with the 
exception of Sudmihle and Hérne_ sta- 
tions which still belong to the zone of 
influence of Miinster and Osnabriick  sta- 
tions, respectively, and of Hasbergen. sta- 
tion which, being a junction station, must 
be manned with a station inspector of its 
own who must, however, accept orders as 
far as the main line working is concerned. 

With two-way track working, a con- 
siderable part of the capital cost is  re- 
presented by the signal gantries (cantilever- 
ed over two tracks). Here, the question 
arises whether one could not, with signalled 
left-hand running, also permit a positioning 
of the signals on the left side of the track 
so as to save the cost of the gantries. 

The excess annual costs consist of de- 
preciation, maintenance and_ interest in 
respect of the additional capital assets, and 
of the excess costs, different for each solu- 
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tion, of staff, operating impediments (due 
to conflicting movements and to emergency 
wrong-road working and left-hand running) 
and, with unidirectional working only, of 
the extra cost of emergency crossovers and 
signalling installations which must be kept 
available for temporary single-line workings. 

In practice, it will hardly ever be pos- 
sible to carry out a conversion of a long 
section of line to systematic two-way track 
working at a time when all the installa- 
tions to be removed as a result of the con- 
version happen to be life-expired. Solu- 
tion II must therefore also be debited with 
the cost of depreciation and interest of 
the installations that must be prematurely 
removed. These costs increase with the 
residual service life of the individual instal- 
lations at the time of conversion. The 
values here used are based on the assump- 
tion that the installations to be removed 
have, at the time of the conversion, just 
completed half of their service life. In 
this connection, the catenary has not been 
taken into account since the section of 
line concerned is at present not yet elec- 
trified so that it would still appear pos- 
sible to combine the suggested conversion 
with the electrification. 

In spite of the considerable financial 
burden imposed by the prematurely re- 
moved capital assets, the comparison of the 
additional costs of the two alternative solu- 
tions reveals the economic superiority of 
systematic two-way track working. By way 
of conclusion, it may be permitted to quote 
an extract from the speech recently made 
by the President of the Swiss Federal Rail- 
ways on the occasion of the 75th anni- 
versary of the Gotthard Railway (*) : 

« In future, remote control posts will 
be equipped with prepared working pro- 
grammes for automatic operation. This 
will render operation more rapid and fluid, 
and more economic in manpower without 
prejudice to safety. Train crossings and 
overtakings will no longer be confined to 
given points, and running in a given direc- 
tion will no longer be confined to a given 
track. » 
ei a i Ee 


(*) From the journal « Verkehr », Vienna, 
No. 27, 1957, pp. 849 and 868. 
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European Conference : 
« Technical Progress and the Common Market ». 


The Commissions of the European Eco- 
nomic Community and European Atomic 
Energy Community, as well as the High 
Authority of the European Coal and Steel 
Community jointly organised from the 5th 
to the 10th December 1960, in Brussels, 
an European Conference on the theme: 
« Technical Progress and the Common 
Market ». 

We think our readers would be interested 
in the conclusions, given below, which were 
discussed by the Sub-Group « Railways » 
of the Working Group « Transport » and 
passed at the plenary meeting of the latter. 

The main reporter of the « Railways » 
Sub-Group was Professor F. SANTORO, Ma- 
nager of the Commercial and Traffic Depart- 
ment of the Italian State Railways, assist- 
ed by Professor R. KLEIN of Darmstadt 
Higher Technical School, Mr. A. THEATO, 
Chief Engineer of the Luxemburg Railways, 
and Mr. J. WaLTer, Head of the Safety 
Installations, Telecommunications and Ca- 
tenaries Department of the French National 
Railways, reporters. 


CONCLUSIONS. 
Railways. 
1. It would appear that, taken as a 


whole, the productivity of the railways, on 
the one hand, and the quality of the ser- 
vices, on the other, have been considerably 
improved, thanks to technical progress. 

This favourable evolution which has been 
characterised in particular by a considerable 
increase in the services demanded of trans- 
port and at the same time a reduction in 
the overall working hours, is certain to 
continue. 


2. The productivity of the railways has 
particularly increased in those cases where, 


there being a great amount of traffic, it 
has been possible to take advantage of 
technical progress as a result of appro- 
priate capital investments. 


It is therefore in such cases as these that 
capital investments are the most economic 
and should justly have priority. 


3. The Common Market will lead to an 
increase in exchanges of railway traffic 
between the six member countries. 


Under these conditions, the Commission 
for European Economic Community should 
take steps to promote technical progress in 
order to achieve a railway system which will 
be able to meet the demands of the future. 


4. The general capital investment pro- 
gramme should therefore make it possible 
to perfect the equipment of the railways, 
so that they will be able to obtain from 
technical progress all the essential advant- 
ages expected. Electrification, dieselization, 
extension of telecommunications, increased 
automation, mechanisation of the  per- 
manent way work, rationalisation of the 
traction and rolling stock, amongst other 
things, must be rapidly developed, owing 
to their value from the general point of 
view, a value characterised by improved 
efficiency of the railways, a reduction in 
its operating expenses, the elimination of 
arduous or dangerous duties as far as the 
staff is concerned, etc. Under these con- 
ditions such a perfecting of the railway 
equipment will have as its result that, even 
more than is the case at the present time, 
and without building any new lines, there 
will be a reserve of transport capacity, a 
reserve the rational utilisation of which 
cannot but benefit the community. 


5. The difficult financial position of the 
railways has often proved an obstacle in 
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the way of renewing and modernising their 
equipment. 

It is therefore very desirable that this 
position should be put on a sound basis, 
in particular by allowing the railway admi- 
nistrations to have a tariff policy based on 
commercial principles to a far greater 
extent than is the case at the present time. 


6. The application of modern techniques 
has made it possible for the railways to 
improve considerably the remuneration and 
working conditions of their employees. 

Taking advantage to a greater extent of 
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technical progress will in the long run 
prove to be the essential condition for 
the realisation of new social improvements 
without undesirable repercussions on the 
community and without any reduction in 
the competitive capacity of the railways. 


It is desirable to extend studies into the 
effects of technical progress upon the work- 
ing conditions and remuneration of the 
railway staff, compared with the position 
of workers in other industrial sectors, and 
taking into account the standards of living 
of each country. 


NEW BOOKS AND PUBLICATIONS. 
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LEMONNIER (André). Honorary Chief Engineer, French National Railways. L’exploitation 
technique du Chemin de fer — La Sécurité du Transport. — (Technical working of the rail- 
way — Safe transport.) — One volume (6 1/4 x 9 3/4 in.) of 176 pages with 49 figures 
and 9 photographic plates. — 1960, Paris (V®), Editions Eyrolles, 61, boulevard Saint- 


Germain. (Price : 20.20 NF.). 


The second edition (1960) of Mr. A. LrE- 
MONNIER’s work will be read easily and 
pleasurably. Although since 1945 (the date 
of the first edition), the forms of and ways 
of making the installations which assure 
safety in transport have certainly shown a 
tendency towards facility of use and the 
extension of the zones controlled, the prin- 
ciples upon which safety is based have not 
varied. Mr. LEMONNIER has devoted him- 
self to a clear and reasoned explanation 
of this and not to a complete dogmatic 
report. Naturally French designs are stres- 
sed, both those of the S.N.C.F. and the 
other railways which preceded them, but 
other forms of signalling are also mentioned 
and compared with them. 

The book can be divided logically into 
three parts, studying the methods employed 
to avoid respectively overtaking (block- 
system), collisions at points (signalling) and 
collisions on single track. 

The first part, after recalling the prin- 
ciples of the block system, describes the 
forms in use, several of which are still 
used: Regnault, Tyer, Lartigue (the lat- 
ter can be fitted with « continuity » equip- 
ment), and then the principle of the track 
circuit and the automatic block. The 
French regulations on the block system are 
given, including the precautions to be taken 
when running at caution. 

Points and crossings are places where 
collisions are possible. For this reason, 
train movements have to be authorised or 
forbidden by signals. Unlike the indica- 


tions used in the case of the block system 
(semaphores) where the indications may be 
« permissive », in this case they are absolu- 
tely imperative. They have therefore to 
be completed by « warning signals » (and 
sometimes even by « prewarning » signals 
when the braking distance is greater than 
the signal spacing), such as « slow down » 
signals and « remember to slow down ». 
The form of the signals (especially colour 
light signals) in France are derived from 
those recommended by the « Verlant » 
Commission. Interlocking is obtained in 
various ways, amongst which the centra- 
lised train control (C.T.C.) in the signal 
boxes gives rise to transit problems. The 
most recent signalboxes with free levers 
or buttons are of the P.R.S. type. Cab 
signalling and automatic braking are also 
studied. 

The last part, relating to collisions be- 
tween trains, deals above all with the work- 
ing of single lines. Alterations in the work- 
ing timetable are made in America by 
orders to the trains given by the dispatcher; 
in Great Britain and several of the Domi- 
nions, the train-staff is used. In France, 
telephoned orders are used, and more re- 
cently and frequently the single track block 
system, 

The final chapter deals with the working 
and arrangement of single track stations. 

The book also includes 9 plates in addi- 
tion to the text which are of the greatest 


interest. 
Pe ocr 
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Jahrbuch des Eisenbahnwesens. Folge 11. 1960 (Annual review of railway questions. I1 th year 
1960). 125 Jahre deutsche Eisenbahn (125th anniversary of the German railways). — Edited 
by Professor Dr.-Eng. Th. VOGEL, President of the Central Office of the Bundesbahn, Munich. 
One volume (8 1/411 1/2 in.) of 252 pages of text, with numerous tables, drawings and 
illustrations. — 1960, Darmstadt, Carl ROhrig Verlag, Holzhofallee, 33a. (Price: 14.80 DM.). 


This volume is the eleventh annual 
publication of the « Jahrbuch des Eisen- 
bahnwesens >». Faithful to tradition, a 
whole series of remarkable articles are de- 
voted to the evolution of the various rail- 
way techniques and to certain questions 
closely linked up therewith. 

In his editorial, Dr. L. SEIERMANN, Se- 
cretary of State, defines the important part 
played by methods of transport and in 
particular by the railway on the interna- 
tional plane since the previous century. 
He then comments upon the various organi- 
sations of an European character set up 
since 1947. In his conclusion, he recalls 
that the railway, as well as other methods 
of transport, collaborates in improving liv- 
ing conditions and the stability of interna- 
tional political relations. 

In a_ particularly interesting 
Prof.-Dr.-Eng. K. LEIBBRAND shows how 
the evolution of the structure of the ci- 
ties is conditioned by transport problems. 
Another article is devoted to « the lead- 
ing idea in the transport industry ». 

The following articles deal in turn with : 


article, 
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the reconstruction of Berne station, auto- 
mation in signalling (carried out on the 
Ludvika-Oxelésund line), the electrical in- 
dustry exhibition in Paris (June 1959), the 
V 160 Diesel locomotive of the Deutsche 
Bundesbahn, and ten years of research 
and international trials within the frame- 
work of O.R.E. 


An important article is devoted to the 
history of the German Railways, which have 
just celebrated their 125th anniversary, and 
to the most recent developments on the 
Deutsche Bundesbahn. 


Another contribution to the history of 
the railways is the review of the evolu- 
tion of the stock of coaches and wagons 
on the Bavarian State Railways. 


The work ends with a report on the 
activities of the Deutsche Bundesbahn in 
1959, a review of the researches and _ tech- 
nical realisations carried out by various 
Railway Administrations during the year 
1959, and finally statistical data covering 
all the railways of the world. 


We iveek. 


1835-1960 : 125 Jahre deutsche Eisenbahnen (/25th Anniversary of the German Railways). — 
Special issue of the review Die Bundeshaln, November 1960, — A pamphlet (8 1/4 x 11 1/2 in.) 
of 170 pages of text with numerous illustrations and coloured plates. — 1960, Publisher 


Carl RGhrig, Verlag, Darmstadt, 33a, Holzhofallee. (Price 


The well known review « Die Bundes- 
bahn » has devoted a special number to 
the 125th Anniversary of the German Rail- 
ways. 

The introduction gives a brief history of 
the development of the German Railway 
network since 1835. 

The most important part of the num- 
ber deals successively with the activities of 
each of the sixteen Regional Managements. 

After a report of the special economic 
features of the region, detailed reports are 


: 8.8 DM). 


given of the goods and passenger traffic, 
the operating characteristics, any special 
signalling and permanent way work, the 
importance of the traction and rolling 
stock, the number of employees, as well as 
the introduction of the latest techniques. 
Copiously illustrated, with maps and ex- 
tracts, this special number is in fact a very 
thorough study of the activities and present 
position of the Deutsche Bundesbahn. 


Wi Weulkks 
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I. — BOOKS. 


In French. 


960 

\nnée ferroviaire 1960. 
aris, Librairie Plon. Un ouvrage de 279 pages (14 
22 cm), illustré de mnombreuses figures. (Prix : 
20 N.F.) 


656 .2 


961 

EINLOGEL (A.). 
influence des diyers éléments physico-chimiques sur les 
ons. — Traduit de l’allemand par A. le Conte et 
Praud. 

aris (6°), Dunod, éditeur, 92, rue Bonaparte. Un 
ume relié (16 x 25 cm) de 411 pages avec 76 figures. 


691 


Ix : 49 NF.) 

961 536 
NOT (A.). 

xercices numériques de mécanique des fluides et de 
rmodynamique. 


aris (6°), Albert Blanchar, éditeur, 9, rue de Médicis. 
volume relié (14 x 22 cm) de 414 pages, avec SO figu- 
et 2 planches hors texte. (Prix : 19 NF.) 


In German. 


960 347 .763 .4 (43) 
jur. Hans-Joachim FINGER. 

isenbahn-Verkehrsordnung. 2. neubearheitete Auflage. 
erlin, C.H. Beck’sche Verlagsbuchhandlung. 539 


en. (Preis : DM 35.—.) 


1960 
MOERDER (C.). 

Transistortechnik. Wirkungsweise, Entwurf von Schal- 
tungen, Anwendungen. 

Stuttgart, B.G. Teubner Verlagsgesellschaft m.b.H. 
146 Seiten (17 « 25cm) mit 116 Bildern, 5 Tafeln. (Preise: 
Halbleinen, DM 21.80.) 

1960 
SCHMITZ-DOERNER (Horst W.). 

Der Privatgleisanschluss im Wettbewerb des Haus- 
Haus-Verkehrs. 

KOln, Verlag J. Arnold. 156 Seiten. (Preis : DM 6.80.) 


621 3 


656 .213 


1960 621 3 
Siemens Formel- und Tabellenbuch fiir Starkstrominge- 
nieure. 2. Ausgabe. 

Essen, Verlag W. Girardet, VIII/704 Seiten mit 410 
Zeichnungen und Diagrammen, 335 Tabellen und einem 
ausfiihrlichen Stichwortverzeichnis. (Preis : Ganzleinen- 
band, DM 29.80.) 


In English. 


1961 
G.C. ALLEN. 

Railways : British Railways from their beginning until 
1960. 

One volume (7 1/2 * 5 in.) of 112 pages, illustrated. 

Oxford : Basil Blackwell, 49, Broad Street. (Price : 
8s. 6d.) 

1960 385 (08 (6) 
Nigerian Railway Corporation. — Report and accounts for 
the year ended 31st March 1960. 

One brochure (8 1/4 x 10 in.) of 135 pages, illustrated. 

Published by the Nigerian Railway Corporation. 
Lagos. 
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laced over the title of each book are those of the decimal classification proposed by the Railway Congress 
By ie ae Ones Tiphographiqne International, of Brussels, (See « Bibliographical Decimal Classification as applied to Railway 
ice “ by L. WEISSENBRUCH, in the number for November 1897, of the Bulletin of the International Railway Congress, p. 1509). 


[ 016 385 (5 ] 


Fane 


II. — PERIODICALS. 


In French. 


Acier - Stahl - Steel. (Bruxelles.) 


1961 725 .31 (43) 
Acier - Stahl - Steel, février, p. 53. 
LATZIN (K.). — Le nouvel hall des quais de Ja Gare 


Centrale de Munich. (2 500 mots & fig.) 


1961 625 .282 
Acier - Stahl - Steel, février, p. 62. 

Les locomotives Diesel Cockerill-Ougrée. (2 000 mots 
& fig.) 


1961 IPAM, 
Acier - Stahl - Steel, février, p. 80. 
Pont expérimental systeme Willstress. (1 500 mots 


& fig.) 


Annales de 1|’Institut Technique 
du Batiment et des Travaux Publics. (Paris.) 


1961 691 
Annales de |’Institut Techn. du Batiment et des Trav. 
Publics, février, p. 185. 
CHAMBAUD (R.). — Le calcul du béton armé a la 
rupture. Justifications expérimentales pour la flexion 
simple. (4 000 mots, tableaux & fig.) 


1961 625 .13 (42+ 44) 

Annales de |’Institut Techn. du Batiment et des Trav. 
Publics, février, p. 239. 

MALCOR (R.) & HARDING (J.H.B.). — Technique 
de recherches pour l’étude du Tunnel sous la Manche. 
(5 000 mots & fig.) 

1961 y 624 
Annales de l'Institut Techn. du Batiment et des Trav. 

Publics, février, p. 259. 

ABSI (E.). — Essai de résolution des systémes hypersta- 

tiques dans le domaine élasto-plastique. (1 500 mots & fig.) 


Bulletin de l’Association Suisse 
des Electriciens. (Ziirich.) 


1961 
Bulletin de Il’Association 
25 février, p. 121. 
HALDIMANN (R.) & RICHON (E.). — Isolierma- 
eon a Hochspannungs-Innenraumanlagen. (4 600 mots 
g. 


621 .316 


Suisse des Electriciens, 


Bulletin scientifique de |’Association des In; 
nieurs électriciens sortis de 1|’Institut Elect: 
technique Montefiore. (Liége.) 


1960 621 
Bull. scient. de ]’Assoc. des Ing. électr. sortis de |’Insti 
Electrotechnique Montefiore, décembre, p. 759. 
PIOTROWSKI (K.). — Application de la théc 
cinétique de la viscosité des liquides a ]’étude des cour 
de viscosité des huiles isolantes pour transformatet 
(5 200 mots & fig.) 


Bulletin de 1’7Union Internationale 
des Chemins de fer. (Paris.) 


1961 656 .1 & 656 
Bull. de l'Union Intern. des Chemins de fer, janvier, p 

Des directives de 1’U.I.C. dans le domaine de la tect 
que rail-route. (1 200 mots.) 


1961 385 .113 (4 
Bull. de 1’ Union Intern. des Chemins de fer, janvier, p. 

Les Chemins de fer en 1959. Gréce. (800 mots & 
bleaux.) 

1961 385 .113 (439 + 4 
Bull. de l’Union Intern. des Chemins de fer, février, p. 

Les Chemins de fer en 1959. Hongrie et Portu; 
(4 000 mots.) 


C.F.F. (Berne.) 


1961 
CPLR, mes, p. 6. 
DIRLEWANGER (H.). — La revision des tarifs-n 
chandises suisses, le 1° janvier 1962. (1 200 mots & 
bleaux.) 


656 .235 (4 


Economie et Technique des Transports. (Ziiric 


1960 | 625 .4 (¢ 
Economie et Technique des Transports, n° 133, 10 


p. 90. 
LATSCHA (W.). — Le projet de voie ferrée en sous 
de la ville de Ziirich. (1 600 mots & fig.) 


1960 — 656 .254 (¢ 
Economie et Technique des Transports, n° 133,10 
p. 98. 


: CHRISTEN (W.). — Méthode constructive d’inste 
tions de télécommunications au service des Chemins de 
Fédéraux Suisses. (1 700 mots & fig.) 
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Le Génie Civil. (Paris.) 


961 
Génie Civil, n° 3534, 15 février, p. 78. 
-APAULT (K.). — Le prototype francais de Chemin de 


Suspendu pour transports urbains et suburbains. 
)00 mots & fig.) 


625 .3 (44) 


961 

Génie Civil, n° 3534, 15 février, p. 95. 
SOUARD (A.). — Abaque pour le calcul du refus des 
wx. Formules des Hollandais et de Redtenbacher. 
0 mots & fig.) 


T21eel 


961 621 .3 (06 
Génie Civil, n° 3535, 1& mars, p. 110. 
"RIBOT-LASPIERE (J.). — La 18¢ Session de la 
iférence Internationale des Grands Réseaux Electriques. 
00 mots.) 


961 69 
Génie Civil, n° 3535, 1° mars, p. 114. 

'AMELARD (H.). — Harmonisation des coefficients 
sécurité dans la construction. (3 000 mots & fig.) 


moires de la Société des Ingénieurs Civils 
de France. (Paris.) 

961 62 

moires de la Soc. des Ing. Ciy. de France, février, Doe 

ALMON (P.). — La normalisation en face du progrés 

nique en France et dans le monde. (4 000 mots.) 


961 625 .13 (42 + 44) 
moires de la Soc. des Ing. Civ. de France, février, p. 31. 
{ALCOR (R.) & HARDING (H.J.B.). — Technique 
recherches pour l’étude du tunnel sous la Manche. 
00 mots & fig.) 

61 669 
noires de la Soc. des Ing. Civ. de France, mars, p. 13. 
ACHET (P.). — Domaines d’application de quelques 
aux rares et nouveaux. (4 500 mots, tableaux & fig.) 


Rail et Traction. (Bruxelles.) 


60 656 .222 .5 (494) 
et Traction, novembre-décembre, p. 411. 
CHETTY (J.). — Les nouveaux trains-navettes inter- 


s des C.F.F. (1 000 mots & fig.) 


rue Générale des Chemins de fer. (Paris.) 


61 621 .335 
ue Générale des Chemins de fer, mars, p. 133. 

OUVION et BERNARD. — Connaissances nouvelles 
’adhérence des locomotives électriques. (10 000 mots 


z.) 


1961 
Revue Générale des Chemins de fer, mars, p. 158. 
DUFOURNY. — L’évolution du produit moyen de la 
tonne-kilométre. (3 500 mots & fig.) 
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1961 656 .211 (44) 
Revue Générale des Chemins de fer, mars, p. 169. 

ROBERTIN. — Une nouvelle gare banlieue « La Cha- 
taigneraie-Beauregard ». (1 200 mots & fig.) 


1961 656 .2 (52) 
Revue Générale des Chemins de fer, mars, p. 183. 

Les Chemins de fer Nationaux du Japon. (700 mots, 
tableaux et carte.) 


Revue de l’Union Internationale des Trans- 
ports Publics. (Bruxelles.) 


1960 625 .251 
Reyue de l'Union Intern. des Transp. Publics, n° 4, 
décembre, p. 343. 
HAUSMAN (R.G.). — Exposé sur le freinage des vé- 
hicules de transports publics. (6 000 mots & fig.) 


Revue Universelle des Mines. (Liége.) 


1961 
Revue Universelle des Mines, février, p. 41. 
HERZBERG (G.). — L’importance de la spectroscopie 
dans la science moderne. (5 000 mots & fig.) 


62 (01 


1961 01 
Revue Universelle des Mines, février, p. 50. 

HALKIN (J.). — Résumé, indexation et sélection des 
documents techniques. (7 000 mots.) 


La Traction Electrique dans les Chemins de fer. 
(Bruxelles.) 


1961 621 .316 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 1, janvier, p. 1. 
KEIL (A.) et MEYER (C.L.). — La déformation mé- 
canique des piéces de contact par l’arc de commutation. 
(1 700 mots & fig.) 
1961 621 .314 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 1, janvier, p. 6. 
CORBYN (D.B.) et POTTER (N.L.). — Les caracté- 
ristiques et la protection des redresseurs 4 semi-conduc- 
teurs. (Suite et fin). (3 000 mots & fig.) 


1961 621 .432 (492) 

Bulletin du Congres des Chemins de fer. — La Traction 

Electrique dans les Chemins de fer, n° 1, janvier, p.20. 

Les nouveaux moteurs Diesel, refroidis par le carbu- 

rant, destinés aux locomotives types 200-300 des Che- 
mins de fer Néerlandais. (800 mots & fig.) 


ee 


1961 pal ssl} 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 1, janvier, p.26. 
BAATZ (H.). — Arrosage de lignes a haute tension 
a la lance d’incendie ? (3 000 mots & fig.) 


1961 621" S17 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 1, janvier, p.37. 
SCHROTER (G.). — Détermination de l’échauffe- 
ment a partir de mesures de la résistance pour les enrou- 


lements d’induit avec connexions équipotentielles. 
(2 300 mots & fig.) 

1961 621 .316 
Bulletin du Congrés des Chemins de fer. — La Traction 


Electrique dans les Chemins de fer, n° 1, janvier, p.48. 

COMPTE RENDU BIBLIOGRAPHIQUE.— PLATH 

(W.). — Die Niederspannungs Schaltanlagen (Les instal- 
lations a basse tension). (300 mots.) 


Les 


1961 
Les Transports Publics, mars, p. 5. 
Qw’est-ce qu’un tarif de chemin de fer? (1 300 mots.) 


Transports Publics. (Berne.) 


656 .23 


1961 
Les Transports Publics, mars, p. 7. 
Toujours les passages 4 niveau. (800 mots.) 


625 .162 (494) 


La Vie du Rail. (Paris.) 


1961 625 .1 (45) 
La Vie du Rail, 19 février, p. 3. 
TUNINETTI (M.A.). — Travaux, innoyations et 


transports aux F.S. (Italie). (600 mots & fig.) 


1961 
La Vie du Rail, 19 février, p. 8 et 10. 
A Sarrebruck : présentation commune du matériel bi- 
fréquence de la S.N.C.F. et de la D.B. (1 200 mots & fig.) 
Les locomotives bi-fréquence S.N.C.F. et D.B. (2 600 
mots, tableaux & fig.) ; 


621 .335 (43 + 44) 


1961 656 .214 (43 + 44) 
La Vie du Rail, 26 février, p. 3. 
FORCE (G.). — Cinq nouvelles gares communes 


S.N.C.F. et D.B. du secteur sarrois de la frontiére 
franco-allemande. (1 800 mots & fig.) 


1961 
La Vie du Rail, 26 février, p. 9. 
Les nouvelles rames du Métro de Londres. (700 mots 
& fig.) 


625 .42 (42) 


1961 
La Vie du Rail, 26 février, p. 15. 
BEGUE (A.). — Le Chemin de fer de l’Alaska. (1 200 
mots & fig.) 


385 (09 (73) 


1961 625 .1 : 621 .33 & 


La Vie du Rail, 12 mars, p. 14. 
Electrification Est-Paris. Relevage du pont Lafayette 
gare de Paris-Est. (3 000 mots & fig.) 


1961 625 .282 (¢ 
La Vie du Rail, 12 mars, p. 22. ; 
Les nouvelles locomotives Diesel-électriques Alsthom 


Togo. (500 mots & fig.) 


In German. 


Archiv fiir Eisenbahnwesen. (Berlin.) 
1961 623 |: 
Archiv fiir Eisenbahnwesen, Heft 1, S. 1. 

WEHDE-TEXTOR (O.). — Die Leistungen « 
Deutschen Reichsbahn im zweiten Weltkrieg. (20 ( 
Worter & Abb.) 


1961 656 (: 
Archiv fiir Eisenbahnwesen, Heft 1, S. 48. 

SCHUCHMANN (E.). — Das Verkehrswesen 
Frankreich. FranzGésische Verkehrstheorie und V 


kehrspolitik. (23 000 Worter.) 


1961 656 ( 
Archiv fiir Eisenbahnwesen, Heft 1, S. 104. 
PRECHT (G.M.). — Der Weeks-Report tiber | 


Revision der Verkehrspolitik der USA. (2 000 W6Orte 


Die Bundesbahn. (Darmstadt und K6In.) 


1961 
Die Bundesbahn, Nt 1, Januar, S. 5. 
Vorlaufiger Jahresriickblick der Deutschen Bundesba 
Geschaftsjahr 1960. (11 000 Wérter & Abb.) 


385 .113 ( 


1961 
Die Bundesbahn, Nt 1, Januar, S. 49 


Die 125-Jahr-Feier in Niirnherg. (15 000 Wéorter 
Abb.) 


385 (09 .3 ( 


1961 
Die Bundesbahn, N° 2, Januar, S. 118. 
KOLARIC (V.). — Die Probleme der Berechnung 
Produktivitatsindizes der Arbeit im Eisenbahnyerke 
(5 000 W6rter und Tabellen.) 


656 


Deutsche Eisenbahntechnik. (Berlin.) 


1961 65¢ 
Deutsche Eisenbahntechnik, Februar, S. 49, 
BURKHARDT (H.). — Mechanisierung und A) 


matisierung im Verwaltungs- und Betriebsdienst. GB 
Worter & Abb.) 


961 625 .2 
itsche Eisenbahntechnik, Februar, S. 54. 

‘RUGER (O.). — Die Bedeutung der Berechnungs- 
adlagen fiir Leichtbau und Standardisierung schienen- 
undener Fahrzeuge. (3 000 Worter.) 


961 725 .31 (43) 
itsche Eisenbahntechnik, Februar, S. 59. 

CHMIDT (G.). — Der Wiederaufbau des Leipziger 
iptbahnhofes. Der Wiederaufbau der Querbahnsteig- 
e. (7 000 Worter, Tafel & Abb.) 


61 625 .251 

itsche Eisenbahntechnik, Februar, S. 71. 

/ACHTER (A.). — Achslastanderungen beim Bremsen 
ihr Einfluss auf die Ausnutzung des Haftwertes. 

tsetzung folgt.) (4 500 Wérter, Tafeln & Abb.) 


61 656 .256 .3 
itsche Eisenbahntechnik, Februar, S. 79. 

RIEGEL (K.). — Der halbautomatische Relaisblock- 
art WSSB-fiir die Deutsche Reichsbahn. (3 000 Worter 
bb.) 

61 625 .151 
ttsche Eisenbahntechnik, Februar, S. 87. 

OHLER (J.). — Die Gestaltung von gekriimmten 
syerbindungen und Gleisabzweigungen. (3 000 Worter 
.bb.) 


- Eisenbahningenieur. (Frankfurt am Main.) 


61 625-2 
Eisenbahningenieur, Februar, S. 33. 

AEBLER (G.A.). — Moderne Technik — Moderne 
nbahn. (4 000 Worter & Abb.) 


161 625 .282 (43) 
Eisenbahningenieur, Februar, S. 41. 

UDWIG (H.). — Steuereinrichtungen der Diesellok 
). Konstruktive Verbesserungen an den Steuerge- 
n. (3 000 Worter & Abb.) 


61 691 
Eisenbahningenieur, Februar, S. 48. 

ULSENKAMP (F.). — Das Verhalten yon Feuerver- 
ungen. (1 200 Worter & Abb.) 


61 625 .113 
Eisenbahningenieur, Februar, S. 49. 

REIMANN (E.). — Bogen- und Abszissenlange der 
schen Parabel. (300 Worter & Tafeln.) 


61 351 .812 (43) 
Eisenbahningenieur, Februar, S. 51. 
AGNER (H.). — Anderung der Eisenbahn-Bau- und 
iebsordnung. (2 000 Worter & Abb.) 


57 — 


E.T.R. - Eisenbahntechnische Rundschau. 
(K6ln-Darmstadt.) 


1961 625 .143 .4 (42) 
Eisenbahntechnische Rundschau, Januar-Februar, S. 1. 

BARTLETT (D.L.). — Die Stabilitat durchgehend ver- 
schweisster Gleise. (8 000 Worter, Tafeln & Abb.) 


1961 625 .282 (43) 
Eisenbahntechnische Rundschau, Januar-Februar, S. 17. 

FRIEDRICH (K.). — Einzelmassnahmen zur Ver- 
besserung der Wirtschaftlichkeit der Standard-Diesel- 
lokomotiven der D.B. (2 000 Worter & Abb.) 


1961 625 .142 
Eisenbahntechnische Rundschau, Januar-Februar, S. 22. 

RENNERFELT (E.). — Nachpflege von Schwellen im 
Gleis. Erfahrungen bei den Schwedischen Eisenbahnen. 
(5 000 Worter, Tafeln & Abb.) 


1961 656 .211 (43) 
Eisenbahntechnische Rundschau, Januar-Februar, S. 33. 

WISCHNIAKOWSKY (B.). — Der neue Hauptbahn- 
hof Braunschweig als Abschluss der Eisenbahnneuge- 
staltung zwischen Wolfsburg und Salzgitter. (7 000 
Worter & Abb.) 

1961 656 .253 (43) 
Eisenbahntechnische Rundschau, Januar-Februar, S. 44. 

BEHR (E.). — Neuzeitliche Signalanlagen fiir den Per- 
sonenbahnhof Braunschweig. (10000 Wo6rter, Tafeln & 
Abb.) 

1961 625 .236 (43) 
Eisenbahntechnische Rundschau, Januar-Februar, S. 63. 

KAESS (F.). — Fahrbare Waschanlage fiir Reisezug- 
wagen. (2 000 Worter & Abb.) 


Elektrische Bahnen. 


1961 
Elektrische Bahnen, Heft 1, S. 1. 
KLUSCHE (W.). — Der elektrische Zugbetrieb der 
Deutschen Bundesbahn im Jahre 1960. (5 300 Worter & 
Abb.) 


(Miunchen.) 
621 .33 (43) 


1961 
Elektrische Bahnen, Heft 1, S. 12. 
VON WEIHE (A.), RIEDLINGER (R.) & CHRIST 
(W.). — Das Dampfkraftwerk Diisseldorf-Lausward und 
seine Einbeziehung in die Energieversorgung der Deut- 
schen Bundesbahn. (6 900 Worter & Abb.) 


621 .331 (43) 


E.T.Z. Elektrotechnische Zeitschrift. (Berlin.) 


1961 621 .431 
EB.T.Z., 20. Februar, $5.73. 
BURKLE (E.). — Startermaschinen fiir Verbrennungs- 


motoren. (4 900 Worter & Bilder.) 


1961 621 .35 


E.T.Z., 20. Februar, S. 84. 
SAFTIEN (W.D.). — Wirtschaftliche Ladeverfahren 
fiir Fahrzeug-Batterien. (2 750 Worter & Abb.) 


1961 621255 
E.T.Z., 20. Februar, S. 87. ; 
WALZ (A.). — Moderne Batterie-Ladegerate. (3 200 


Worter & Abb.) 
1961 
E.T.Z., 20. Februar, S. 109. 
BAX (H.). — Vorzugskabel fiir Nieder- und Mittelspan- 
nungsnetze. (2 500 Worter.) 


621 .31 


1961 621 .31 
E.1T.Z., 20. Februar, S. 112. 

BIRNTHALER (W.) & FALK (G.). — Ein neuartiger 
Korrosionsschutz fiir Aluminiummantelkabel. (2 400 Wor- 


ter & Abb.) 


Glasers Annalen. (Berlin.) 
1961 
Glasers Annalen, Januar, S. 4. 
SCHWARZKOPF (H.). — Schnellzugforderungen im 
Flachland mit Dampflokomotiven. Kohle- und Olfeuerung 
insbesondere mit Lokomotiven der Baureihe 011°. (3000 
Worter & Tafeln.) 
1961 
Glasers Annalen, Januar, S. 11. 
WITTIG (P.). — Der wagenbauliche Teil yom Akku- 
mulator-Triebwagen ETA 150 und vom Steuerwagen 
ESA 150. (4000 Worter, Tafeln & Abb.) 


62015 


625 .285 (43) 


1961 
Glasers Annalen, Januar, S. 21. 
HENRICI (G.). — Neue Verfahren der Elektrizitits- 


621 .31 


Erzeugung mittels Brennstoffelement, Thermo- und 
Plasmadioden. (3 000 Wérter & Abb.) 
1961 625 .2 


Glasers Annalen, Januar, S. 26. 
BASELER (W.). — Der Fahrzeuglauf und die Tiicke des 
Objekts. (1 000 Worter.) 


1961 
Glasers Annalen, Januar, S. 27. 


KORHAMMER (A.). — Graphische Bestimmung der 
Puffertellerdurchmesser. (800 Wérter & Abb.) 


625 .216 


1961 621 .3 
Glasers Annalen, Januar, S. 30. 
BRAUN (W.). — Entwicklungstendenzen im Bau von 


Leistungsreaktoren. (2 000 W6rter.) 


1961 
Glasers Annalen, Januar, S. 32. 
British Railways Electrification Conference London 
1960. (2 200 Worter & Abb.) 


621 .33 (06 (42) 


1961 
Glasers Annalen, Januar, S. 36. 
Vorfiihrung der Mehrsystem — Lokomotiven der 
S.N.C.F. und D.B. am 2. Dezember 1960 in Saarbriicken. 
(3 000 Worter, Tafel & Abb.) 


621 .335 (43 + 44) 


Henschel - Nachrichten. (Kassel.) 


1960 621 . 
Henschel- Nachrichten, Dezember, S. 2. 
MITTMANN (H.) & STROBEL (E.). — Henschel € 
développement des locomotives électriques. Courant c 
tinu - courant alternatif monophasé 16 2/3 Hz et 50. 


(4 000 Worter, Tafeln & Abb.) 


Internationales Archiv fiir Verkehrswesen 
(Frankfurt am Main.) 


1961 656 .2 
Internationales Archiv fiir Verkehrswesen, Heft 
Januar, S. 1. 


SEEBOHM (H.-Ch.). — Die Tatigkeit der Et 
pdischen Wirtschaftsgemeinschaft auf dem Gebiete 
Verkehrs. (5 000 WoOrter.) 

1961 
Internationales Archiv fiir 

Januar, S. 25. 

LEIBBRAND (K.). — Neue Entwicklungen im \ 

kehrsingenieurwesen. (1 000 WoOrter.) 


Verkehrswesen, Heft 


Der Offentliche Verkehr. (Bern.) 


1961 625 .162 (4 
Der Offentliche Verkehr, Marz, S. 12. 


Zum Problem der Niveauiibergange. (800 WOrter.) 


Periodica Polytechnica. — Maschinen- t 
Bauwesen. (Budapest.) 
1960 | 
Periodica Polytechnica-Maschinen- und Bauwesen, N 
Sage P58 
DOMOKOS (J.). — Electrostatic paint-spraying eq 
ment. (2 000 Worter & Abb.) 


Siemens-Zeitschrift. (Berlin.) 


1961 621 
Siemens-Zeitschrift, Februar, S. 63. 
NOTTEBROCK (H.). — Fiinfzig Jahre Verstirl 


technik im Hause Siemens. (3 750 Wérter & Abb.) 


1961 621 
Siemens-Zeitschrift, Februar, S. 69. 

GIESEKE (W.) & BURGER (H.). — Uber Fe 
Einkristalle. (3 000 Wérter & Abb.) 


Signal und Draht. 


1961 
Signal und Draht, Februar, S. 17. 


BEHR (E.). — Neue Signaltechnik in Braunschw 
(5 000 Worter & Abb.) 


(Frankfurt am Main. 


656 .257 


AG 


961 656 .254 (436) 
1al und Draht, Februar, S. 24, 
ANGER (J.). — Die Koordinatenschalter-Basa 


[20 der Osterreichischen Bundesbahnen. (2 000 Wor- 
& Abb.) 


In English. 


British Transport Review. (London.) 


960 

ish Transport Review, December, p. 103. 
URNER (D.L.). — The wagon of the future. (1 600 
ds & figs.) 


625 .24 


960 656 .22 (43) & 656 .23 (43) 
ish Transport Review, December, p. 113. 

OVER (K.). — Peak traffic: The West German 
roach. (1 400 words & figs.) 


960 

ish Transport Review, December, p. 124. 
(ILFORD (A.T.). — Operational research in London 
nsport. (2 800 words.) 


656 .22 (42) 


60 

ish Transport Review, December, p. 135. 
UTHERLAND (H.). — Lessons of the Trans-Europ 
‘ess system. (2 900 words.) 


656 .22 


ctric Traction on the Railways. (Brussels.) 


61 621 .316 
etin of the International Railway Congress Asso- 
ciation — Electric Traction on the Railways, No. 1, 


January, p. 1. 

OCH (W.). — Earthing problems. (2 900 words 
ig-) 

161 621 .335 (494) 


etin of the International Railway Congress Asso- 
ciation — Electric Traction on the Railways, No. 1, 
January, p. 9. 

EBER (H.H.). — The dual-frequency shunting loco- 
ves of the C.F.F. (6 000 words & fig.) 


61 621 .431 .72 
tin of the International Railway Congress Asso- 
ciation — Electric Traction on the Railways, No. 1, 
January, p. 36. 

ardan shaft design and performance. (3 300 words 


g.) 


61 621 .33 (42) 
tin of the International Railway Congress Asso- 
ciation — Electric Traction on the Railways, No. 1, 


January, p. 48. 
itish Railways Electrification Conference. (1 750 


is, 2 tables.) 


The Engineer. (London.) 


1961 625 .28 (71) 

The Engineer, Feb. 17, p. 236; Feb. 24, p. 276; March 3, 
p. 324; March 10, p. 364. 

LIVESAY (E.H.). — Canadian Pacific transcontinental 
trains. Their motive power and equipment. (16 000 words 
& figs.) 

1961 
The Engineer, March 10, p. 382. 

Sliding roof for open rail wagon. (700 words & figs.) 


625 .243 (44) 


Gas and Oil Power. (London.) 


1961 621 .431 .72 
Gas and Oil Power, February, p. 71. 
Crankcase lubricating oils for locomotive diesels. (1 500 


words.) 


Indian Construction News. (Calcutta.) 


1961 624 .2 (54) 
Indian Construction News, November, p. 53. 

Regirdering of bridge No. 8 on Gadag-Sholapur 
branch. (1 000 words & figs.) 


1961 625 .14 (54) 
Indian Construction News, November, p. 58. 

PATEL (D.). — 116 miles of doubling on the Western 
Railway trunk route. (1 200 words & figs.) 


1961 621 .33 (54) 
Indian Construction News, December, p. 20. 

AWASTY (H.D.). — Railway electrification in India. 
(800 words & figs.) 

1961 621 .33 (54) 
Indian Construction News, December, p. 25. 

SATARAWALA (N.B.). — Power supply arrange- 
ments for Eastern and South Eastern Railways 25 kV 
single phase 50 cycle A.C. system. (3 000 words & figs.) 


1961 621 .331 (54) 
Indian Construction News, December, p. 33. 

RAO (B.V.S.). — Special features of 25 kV traction 
substations. (4 500 words & figs.) 


(New Delhi.) 


621 .33 


Indian Railways. 
1961 
Indian Railways, January, p. 847. 
MURTI (P.N.). — Electrification on British Railways. 
(1 200 words & figs.) 


1961 656 .25 
Indian Railways, January, p. 859. 
TOWERS (H.C.). — Automatic operation of railway 


facing points. (2 000 words & figs.) 


=A 


1961 656 .212 (54) 
Indian Railways, January, p. 871. ; : 
VAIDYANATHAN (K.R.). — KALYAN yard links 


Bombay port with hinterland. (2 000 words & figs.) 


Journal of the Institution of Locomotive 
Engineers. (London.) 


1961 621 .431 .72 (42) 
Journal of the Institution of Locomotive Engineers, 
Vol 50. Part No. 4, p. 434. 
SYKES (W.J.A.). — Operating experience with the 
Diesel electric train sets on the Hastings service of the 
Southern Region. (22 000 words & figs.) 


1961 621 .431 .72 
Journal of the Institution of Locomotive Engineers, 
Vol 50. Part No. 4, p. 486. 
GREEN (G.R.). — Fuel injection equipment for Diesel 
engines. (8 000 words & figs.) 


International Railway Journal. 
(The Hague.) 
1961 


International Railway Journal, February, p. 11. 
« Railways are 90°, personnel ». (2 000 words.) 


385 (07 


1961 
International Railway Journal, February, p. 20. 
How to get ready for railway microwave. (2 200 words 
& figs.) 


656 .25 


1961 656 .2 (42) 
International Railway Journal, February, p. 24. 

Laboratory for mass-transport research. (2 400 words 
& figs.) 

1961 656 .2 (47) 
International Railway Journal, February, p. 28. 

Soviet Minister discusses USSR rail pregress. (2 600 
words.) 

1961 625 
International Railway Journal, February, p. 32. 

Tokyo railway conference was show case for new equip- 
ment. (2900 words & figs.) 


.28 (52) 


Japanese Railway Engineering. (Tokyo.) 

1960 656 .25 (52) 
Japanese Railway Engineering, December, p. 22. 

TADAYOSHI KOHNO. — Application of the elec- 
tronic computer to train traffic planning. (1 500 words & 
figs.) 

1960 625 .245 (52) 
Japanese Railway Engineering, December, p. 25. 

Box car specially designed for pallet transportation. 
(300 words & figs.) 


1960 621 .338 | 
Japanese Railway Engineering, December, p. 26. 

AKIRA HOSHI. — Electric power cars for n 
express trains. (1 600 words & figs.) 


1960 621 3350) 
Japanese Railway Engineering, December, p. 32. 
Silicon rectifier dual-current railcar. (900 words & fi 


Mechanical Engineering. (New York.) 


1961 625 
Mechanical Engineering, February, p. 54. 
Progress in railway mechanical engineering. (3 


words & figs.) 


Modern Railroads. (Chicago.) 


1961 656 .2 | 
Modern Railroads, January, p. 73. 

SAMPSON (Nora) and OKULANIS (Nancy). 
Railroad improvements. — 1960 Achievements... Plans 


1961. (24.000 words & figs.) 


1961 656 .225 | 
Modern Railroads, February, p. 53. 
SHEDD (T. Jr.). — Autos : Rail success story. (1 


words & figs.) 


Modern Transport. (London.) 


1961 656 .2 
Modern Transport, January 14, p. 3; January 21, p 

JOHNSON (H.C.). — Organisation with special 
ference to railways. (4 000 words.) 


1961 
Modern Transport, January 21, p. 6. 
German interlocking. —- Signalling relays. (1 200 wor 


656 .25 


1961 
Modern Transport, January 21, p. 14. 
New Glasgow Central signalbox. (1 400 words & f 


656 .25 


1961 
Modern Transport, January 28, p. 3. 
Lord HURCOMB. — Transport policy. (1 600 wor 


656 .2 


1961 
Modern Transport, January 28, p. 14. 
Some Swiss electric rolling stock. — Four-current sys 
T.E.E. sets. (800 words & figs.) 


621 .338 ( 


1961 
Modern Transport, February 4, p. 8. 


On Swedish State Railways. — Close-coupled ele 
sets. (1 400 words & figs.) 


621 .338 ( 


— 61 


Journal, Permanent Way Institution. 
(Tonbridge.) 
60 385 .524 (42) 
ieee Way Institution, Vol. 78, Part III, 
p. 130. 
ISSEY (W.A.). — Permanent way section manning 
ts relation to track standards. (7 000 words & tables.) 


60 625 .172 (945) 
nal, Permanent Way Institution, Vol. 78, Part III, 
p. 156. 

=YNOLDS (L.A.). — Mechanized track relaying on 
‘ictorian Railways. (5 000 words, tables & figs.) 


Permanent Way. (Tokyo.) 


60 621 .392 (52) & 625 .144 .1 (52) 
lanent Way, December, p. 1. 

1IN-ICHI AOYAMA. — The Tekken system rail gas 
ure welding method. (2 600 words & figs.) 


60 625 .1 (0 (52) 
lanent Way, December, p. 27. 

ASAO SHIOTANI. — The equipment and machines 
ne disaster prevention laboratory of the Railway 
nical Research Institute of the J.N.R. 


Railway Engineering. (Cape Town.) 


61 621 .431 .72 
vay Engineering, January, p. 51. 
\Y (J.R.). — Economy of Diesel-electric locomotives 


ioned by American engineer. (1 400 words & figs.) 


The Railway Gazette. (London.) 


61 656 .22 (42) 
Railway Gazette, February 17, p. 190. 

ARGETTS (F.C.). — The way ahead in the North 
rn Region. (2 000 words & figs.) 


51 625 .232 
Railway Gazette, February 17, p. 193. 

ssenger rolling stock for Commonwealth Government 
yays. (1 600 words & figs.) 


1 624 (42) 
Railway Gazette, February 24, p. 218. 

ydernisation and overbridge replacement. (1 400 words 
S.) 

1 656 .212 .5 (42) 
Railway Gazette, February 24, p. 222. 

w hump yard at Moneton Canadian National Rail- 
(1 200 words & figs.) 


1 621 .133 


Railway Gazette, March 3, p. 248. 
e use of refractory concrete for locomotive arches. 


) words & figs.) 


1961 
The Railway Gazette, March 10, p. 274. 
Repairs to Royal Albert Bridge, Saltash, Western 
Region. (1 200 words & figs.) 


624 (42) 


1961 
The Railway Gazette, March, 10, p. 277. 
Buffet cars for multiple-unit diesel railcars. (900 words 
& figs.) 


625 .232 (42) 


Diesel Railway Traction. (London.) 


1961 621 .431 .72 (43) 
Diesel Railway Traction, January, p. 25. 
Railcar bogie of modern type. (1 600 words & figs.) 


1961 621 .431 .72 (73) 
Diesel Railway Traction, January, p. 29. 
Diesel traction in the United States. (1 000 words.) 


Railway Locomotives and Cars. (New York.) 


1961 625 .243 (73) 
Railway Locomotives and Cars, January, p. 17. 
Southern box cars have new look. (1 800 words & figs.) 


1961 621 .431 .72 (73) 
Railway Locomotives and Cars, January, p. 21. 

GE Diesel powers 2 500 H.P. locomotive. (2 000 words 
& figs.) 

1961 625 .253 (73) 
Railway Locomotives and Cars, January, p. 31. 

Ken discovers the A’s have it. (2 200 words & figs.) 


1961 625 .244 (71) 
Railway Locomotives and Cars, January, p. 36. 

On Canadian Railways refrigerator cars... cushioned 
racks cut lading damage. (1 000 words & figs.) 


The Railway Magazine. (London.) 
1961 621 .33 (42) 
The Railway Magazine, January, p. 3. 

Further electrification on the Great Eastern. (2 800 
words & figs.) 


1961 621 .338 (42) 
The Railway Magazine, January, p. 11. 
Multiple-unit stock for new Great Eastern electric 


services. (1 000 words & figs.) 


1961 656 .2 (42) 
The Railway Magazine, February, p. 98. 


Reorganisation of British Railways. (1 800 words & fig.) 


Railway Signaling and Communications. 
(New York.) 
1961 656 .212 .5 (73) 


Railway Signaling and Communications, February, p. 13. 
Class yards : A progress report. (1 500 words & fig.) 


1961 656 .25 (73) 
Railway Signaling and Communications, February, p. 18. 

COLE (C.F.). — Full analysis of printer distortion is 
now possible. (2 000 words & figs.) 


In Spanish. 


Boletin de la Comisidn Permanente de la 
Asociacién del Congreso Panamericano de 
Ferrocarriles. (Buenos Aires.) 


1960 656 .1 & 656 .2 
Bol. de la Com. Perman. de la Asociacién del Congreso 
Panameric. de Ferrocarriles, septiembre-diciembre, 
Dov2: 
STAGNI (E.). — El problema de la eleccion entre el 
ferrocarril o el camino. (3 500 palabras & fig.) 


Ferrocarriles y Tranvias. (Madrid.) 


1960 
Ferrocarriles y Tranvias, vol. 26-X, n° 302, p. 256. 
de INZA (C.). — El transporte de superficie y la situacién 
economica. (1 700 palabras & cuadros.) 


656 


1960 385 (09 (492) 
Ferrocarriles y Tranvias, vol. 26-X, n° 302, p. 260. 
Los ferrocarriles holandeses. (2 500 palabras & fig.) 


1960 347 .762 
Ferrocarriles y Tranvias, vol. 26-X, n° 302, p. 268. 

SANCHEZ GAMBORINO (F.-M.). — El derecho de 
los eyentuales usuarios a la prestacién de los servicios de 
transportes. III. (Continuara.) (1 500 palabras.) 


Revista de Ciencia aplicada. (Madrid.) 


1961 
Revista de Ciencia aplicada, enero-febrero, p. 1. 
SERRA MARTINEZ (J.M.). — Los ultrasonidos y sus 
aplicaciones. Generador magnetoestrictivo. (4 000 pala- 
bras & fig.) 


62 (01 


Revista de Obras Publicas. (Madrid.) 
1961 
Revista de Obras Publicas, febrero, p. 87. 


PAUL de GOYENA (J.M.). — Sistema Westronic de 
telemandos. (2 500 palabras & fig.) 


656 .254 


62 — 


In Italian. 


Alluminio. (Milano.) 


1961 625 .24 : 669 .71 
Alluminio, n° 1, p. 31. . _ 
Carro merci ferroviario americano di alluminio d 


mensioni inconsuete. (300 parole & fig.) 


Giornale del Genio Civile. (Roma.) 


1961 
Giornale del Genio Civile, gennaio, p. 20. 

ERDEI (C.). — Resistenza alla rottura dovuta al t: 
ed al momento flettente di costruzioni in calcestr 
armato. (2 500 parole & fig.) 


Ingegneria Ferroviaria. (Roma.) 
1961 656 
Ingegneria Ferroviaria, gennaio, p. 19. 

DI MARIO (P.R.). — Circuiti con ammettenze : 
zionali concentrate regolarmente ricorrenti. (3 000 ps 
& fig.) 

1961 
Ingegneria Ferroviaria, gennaio, p. 25. 

INTRONA (S.). — Piani tecnico-finanziari delle 
rovie Federali Germaniche. (6 000 parole & fig.) 


656 .2 


1961 
Ingegneria Ferroviaria, gennaio, p. 49. 

DEVOTO (G.). — Considerazioni e proposte in | 
di trasporti. (4 000 parole.) 


La Ricerca Scientifica. 
1960 
La Ricerca Scientifica, dicembre, p. 1953. 
ALBERTI (N.). — Conferme sperimentali di una 
dizione di plasticita. (2 200 parole & fig.) 


(Roma.) 
62 


Rivista di 
1961 
Rivista di Ingegneria, febbraio, p. 183. 
ARBORIO MELLA (F.). — La saldatura delle r 
con il processo brevettato Sécheron. (2 000 parole & 


Ingegneria. (Milano.) 


625 .1: 


In Netherlands. 


De Ingenieur. (Den Haag.) 
1961 
De Ingenieur, n™ 7, 17 februari, p. A. 89 en nt 8, 24 f 
ari, p. A. 109. 
HIJMANS (E.). — Inleiding tot een automatisering 
(6 000 woorden & fig.) 


eS) 


61 624 .6 (492) 
agenieur, n™ 8, 24 februari, p- Bt 15: 
-LAART (P.J.). — Herbouw van de brug over de 
s te Roermond. (2 200 woorden & fig.) 


Spoor- en Tramwegen. (Den Haag.) 


51 656 .254 (492) 
t- en Tramwegen, n° 4, 23 februari, Dols 

t baanvak Nijmegen-Blerick kreeg « CTC ». NS. 
> ter wereld met « Quiktrol »-systeem. (1 000 woorden 


.) 


51 656 .2 (52) 
r- en Tramwegen, n‘ 4, 23 februari, Dp. 52. 

BES (R.); — De spoorwegen in Japan. (S/or.) (1 200 
den & fig.) 


1 656 .2 (931) 
r- en Tramwegen, n‘™ 4, 23 februari, | Se hart eae 
) maart, p. 81. 

IN BIJNEN (J.). — De spoorwegen yan Nieuw- 
nd. II-III. (2 500 woorden & fig.) 


1 621 .431 .72 (492) 
r- en Tramwegen, n‘™ 4, 23 februari, Dagoheene 5: 
) maart, p. 75. 

\URER (J.J.), MOOLHUIZEN (Chr.) en VAN 
ME (N.). — De dieselelektrische drierijtuigstellen 
111-125 yan de N.S. (Vervolg.) (4000 woorden & fig.) 


1 656 .224 
r- en Tramwegen, n™ 5, 9 maart, p. 73. 

MEIJER (G.H.) en HOOGLAND (C.). — Nog- 
| de autoslaaptreinen. (1 500 woorden & fig.) 


1 385 .517 .1 (492) 
- en Tramwegen, n™ 5, 9 maart, p. 83. 
NDSKROON (F.P.A.). — De pensioenen bij de 
wegen. (1 200 woorden & fig.) 


In Polish (= 491 .85). 


lad Kolejowy Elektrotechniczny. ( Varsovie.) 


9 656 .257 = 491 .85 
ad Kolejowy Elektrotechniczny, juillet, p. 197. 
RAS (S.). — Commande automatique des aiguilles 


es gares de triage par gravité. (2 900 mots & fig.) 


> 621 .3 (437) = 491 .85 
ad Kolejowy Elektrotechniczny, juillet, p. 205. 
STRZEJEWSKI (W.). — Cables a grande distance 
1emins de fer Tchécoslovaques. (1 500 mots & fig.) 


) 621 .332 (438) = 491 .85 
ad Kolejowy Elektrotechniczny, juillet, p. 211. 
ZAKIEWICZ (J.). — Suspension transyersale des 
de contact aux P.K.P. (Chemins de fer d’Etat 
iis.) (1 600 mots & tableaux.) 


1959 OSOn 25 = aOimen 5 
Przeglad Kolejowy Elektrotechniczny, juillet, p. 213, 
ZDANOWSKI (R.). — Assurance de bon fonctionne- 
ment d’une gare d’exploitation pendant sa reconstruction et 


pendant le remplacement des installations de sécurité. 
(1 200 mots.) 


1959 656 .257 = 491 .85 
Przeglad Kolejowy Elektrotechniczny, aout-septembre, 
p. 227 (suite dans le numéro d’octobre). 
MICKIEWICZ (T.), JEDRZEJEWSKI J.), LESZC- 
ZYNSKI (J.) ete MACIASZEK (J.). — Commande diti- 
néraire (systéme COB-58) des aiguilles et des signaux. 
(5 600 mots & fig.) 


1959 62153349185 
Przeglad Kolejowy Elektrotechniczny, aout-septembre, 
Pazso. 


DABROWSKI (W.). — Noyaux en ferrite en forme de 
godets et leurs applications. (2 900 mots, tableaux & fig.) 


1959 656 .253 = 491 .85 
Przeglad Kolejowy Elektrotechniczny, aout-septembre, 
p. 242. 
GORECKI (H.). — Disque d’avertissement a trois 
positions. (1 500 mots & fig.) 


1959 621 .39 = 491 .85 
Przeglad Kolejowy Elektrotechniczny, aotit-septembre, 
p. 249. 
GODWOD (J.). — Les installations a haut-parleurs. 
(1 800 mots & fig.) 


1959 656 .256 = 491 .85 
Przeglad Kolejowy Elektrotechniczny, aout-septembre, 
Dao: 
KARAS (S.). — Casier de dépendance. (1 200 mots 
& fig.) 


1959 621 .335 = 491 .85 
Przeglad Kolejowy Elektrotechniczny, aout-septembre, 
p. 256. 
PAZDRO (P.). — Collaboration du relais de démarrage 
automatique et de l’arbre coudé et le systéme de régulation 
de position. (1 100 mots & fig.) 


1959 691 = 491 .85 
Przeglad Kolejowy Elektrotechniczny, aout-septembre, 
D259: 


PIASTOWSKI (J.). — Nouvelles régles de protection 
contre la corrosion des constructions métalliques enterrées 
en U.R.S.S. (1 300 mots.) 


1959 656 .253 = 491 .85 
Przeglad Kolejowy Elektrotechniczny, aotit-septembre, 
p. 265. 
WYSOCKI (S.). — Essais de la signalisation avec feux 
clignotants. (800 mots & tableaux.) 


1959 621 .31 = 491 .85 
Przeglad Kolejowy Elektrotechniczny, octobre, p. 278. 

ZACHARSKI (S.). — Conyertisseurs de tension aux 
transistors. (1 100 mots & fig.) 


ae a a 


1959 621) 332 — 49185 
Przeglad Kolejowy Elektrotechniczny, octobre, p. 287. 

JAMIOLKOWSKI (J.). — Caténaires en acier-alumi- 
nium. (1 700 mots & fig.) 


1959 651 = 491 .85 
Przeglad Kolejowy Elektrotechniczny, octobre, p. 291. 

WINKOWSKI (J.). — Machines électroniques numé- 
riques. (1 800 mots.) 


1959 656 225674 9 eS 
Przeglad Kolejowy Elektrotechniczny, octobre, p. 294 
(suite dans le numéro de novembre.) 
MIGACZ (T.). — Installations électriques de sécurité a 
enclenchement inversé. (1 900 mots & fig.) 


In Portuguese. 


Gazeta dos Caminhos de ferro. (Lisboa.) 


1961 656 .2 (83) 
Gazeta dos Caminhos de ferro, n° 1756, 16 de Fevereiro, 
p. 449. 
de BRITO LEAL (C.). — Os Caminhos de ferro 
nos paises longinquos. A rede ferroviaria do Chile. 
(2 000 palavras.) 


1961 656 .2 (52) 
Gazeta dos Caminhos de ferro, n° 1757, 1 de Margo, 
p. 467. 


de BRITO LEAL (C.). — Os Caminhos de ferro nos 
paises longinquos. A rede ferroviaria do Japao. (2 000 
palayras & fig.) 


In Russian (= 491 .7). 


Transportnoié Stroityélstvo. (Moscou.) 


1959 
Transportnoié Stroityélstvo, juillet, p. 9. 
LAZAREV (D.F.). — Constamment améliorer les con- 
ditions de travail des constructeurs. (1 800 mots.) 


614 .8 = 491 .7 


1959 624 (47) = 491 .7 
Transportnoié Stroityélstvo, juillet, p. 15, 

ANDRYANOYV (B.D.). — Construction d’un pont sur 
le fleuve Oural. (600 mots & fig.) 


1959 625.12 ="4o1" 7 
Transportnoié Stroityélstvo, juillet, p. 17. 

SAATTCHYANE (G.G.) et TZVYELODOUB (B.1.). 
— Amélioration de la qualité de construction de la yoie 
terrestre. (2 300 mots.) 

1959 T2573) =o 
Transportnoié Stroityélstvo, juillet, p. 27. 

TCHOUPRINE (L.M.). — Nouveaux projets typiques 
de gares ferroviaires. (1 200 mots & fig.) 


1959 691 = 4! 
Transportnoié Stroityélstvo, juillet, p. 40. 
SSISOV (W.P.). — L’intérét de l'emploi de sak 


grains fins dans le béton. (1 600 mots, tableaux & fig.) 


1959 625 .141 = 4! 
Transportnoié Stroityélstvo, aout, p. 16. 

KONDRACHOV (D.S.) et LOPAT (S.D.). — Cons 
tion de la superstructure de la yoie par transport préa 
du ballast et épandage de celui-ci sur la yoie. (1 300 | 
& fig.) 

1959 621 .87 =as 
Transportnoié Stroityélstvo, aout, p. 19. 

YESKINE (W.E.). — Le rendement économiqu 
l’application d’excavateurs dans une construction now’ 
(1 200 mots & tableaux.) 

1959 624 .2= 4! 
Transportnoié Stroityélstvo. aout, p. 21. 

KOUSMINE (E.M.) et SMIRNOVA (L.S.). — 
struction de longues poutres précontraintes avec dép 
ment des armatures dans Jes canaux ouverts. (1 000 - 
& fig.) 

1959 
Transportnoié Stroityélstvo, aout, p. 32. 

KITOWANI (Ch. S.). — Voie sur fondation de | 
dans les tunnels ferroviaires. (1 200 mots & fig.) 


1959 625 .12 =4! 
Transportnoié Stroityélstvo, aout, p. 48. 

CHI TCHJOUNE-KHEN. — Examen de la comp 
du sol a l’aide des rayons radio-actifs. (2 300 mots & 


1959 624 = 4! 
Transportnoié Stroityélstvo, septembre, p. 7. 

STAVRAKOV (E.H.). — Nouvelles méthodes 
gressistes dans la construction des ponts. (2 300 mots & 


1959 625 13 = 
Transportnoié Stroityélstvo, septembre, p. 23. 

KARASYEV (N.F.). — Mécanisation complexe 
travaux de construction d’un tunnel avec revétemer! 
béton armé. (1 300 mots & fig.) 


1959 721 =f 
Transportnoié Stroityélstvo, septembre, p. 26. 

FATKOULLINE (Z.S.) et KOSERITZKY (G.1 
Experience de la construction de batiments au moy 
grandes poutres. (1 200 mots & fig.) 


In Swedish (= 439 .71). 


Jarnvags - Teknik. (Stockholm.) 


1961 
Jarnvags- Teknik, n° 1, p. 1. 
WINGOQVIST (Bo). — Méplats sur roues de loc 
tives. (4000 mots & fig.) 


O21 ASS. 


Sg Notes 


ae 
In Czech. (= 91 .886). 
re ere ee 
Doprava. (Prague.) 


59 385 (061 .5 = 91 .886 

tava, aout, p. 270. 

BJT (J.), KABRT (A.), ROUCKA (M.) et TEHLIK 
— Session des commissions techniques de PUIC a 

ue. (4 500 mots.) 


59 656 = 91 .886 
rava, septembre, p. 293. 

"ORKAN (L.). — La situation actuelle et le dévelop- 
nt futur des transports ferroviaires commerciaux et 
geurs en Tchécoslovaquie et dans le monde entier. 
0 mots & tableaux.) 


59 385 14 = 91 .886 
rava, octobre, p. 326. 


ZRNAS (V.). — Le rendement économique des dépen- 
*investissement avant tout! (2 100 mots.) 


59 651 = 91 .886 
rava, octobre, p. 342. 

\T. — Machines pour la préparation des informations 
le transport ferroviaire. (2 600 mots.) 


59 656 .225 = 91 .886 
rava, octobre, p. 347. 
SEK (F.). — Considérations sur la circulation des 


liners. (2 600 mots.) 


InZenyrské Stavby. (Prague.) 


61 624 .63 = 91 .886 
1yrské Stavby, février, p. 51. 

VOR (T.). — Observations expérimentales sur un 
de construction préfabriquée continue en béton. (3 000 
, tableaux & fig.) 


Zelezni¢ni Doprava a Technika. (Prague.) 


59 656 .22 = 91 .886 
nicni Doprava a Technika, septembre, p. 259. 
YLANIK (R.). — Marche des trains en yariation de 
jité. (2 600 mots & fig.) 


59 656 .223 .2 = 91 .886 
ni¢ni Doprava a Technika, septembre, p. 262. 
LANT (I.). — L’étude de la marche des wagons a 
» des analogies de la théorie électromécanique. 
I mots & fig.) 


1959 625 .143 .5 = 91 .886 
Zelezniéni Doprava a Technika, septembre, p. 270. 

KLIMES (F.), JAVORNICKY (J.) et MILBAUER 
(M.). — Recherche des causes d’enfoncement des selles de 
Ho dans les traverses en bois. (3 900 mots, tableaux & 

g.) 

1959 656 .222 = 91 .886 
Zelezniéni Doprava a Technika, septembre, p. 278. 

KOBLASA (K.). — Application d’une installation auto- 
matique de sécurité 4 un sens de marche pendant la marche 
4 contre-voie. (1 500 mots & fig.) 


1959 625 .172 = 91 .886 
Zelezniéni Doprava a Technika, septembre, p. 285. 

KAVALEK (L.) et STRAKA (B.). — L’entretien des 
parties lourdes de la superstructure. (1 600 mots & fig.) 


1959 656 .222 .6 = 91 .886 
Zelezniéni Doprava a Technika, octobre, p. 290. 

SIBRAVA (M.). — Méthodes de calcul d’un plan de 
formation des trains de wagons-tombereaux vides. (2 000 
mots & fig.) 

1959 656 .212 .5 = 91 .886 
Zelezniéni Doprava a Technika, octobre, p. 293. 

ROZTOCIL (F.). — Rendement des gares de triage. 
(4 600 mots & fig.) 


1959 385 .14 = 91 .886 
Zelezniéni Doprava a Technika, octobre, p. 299. 

BARTA (V.). — Comparaison complexe de Vintérét 
économique de différentes variantes d’investissements pro- 
posés et de la succession technologique. (3 100 mots & fig.) 


1959 656 .222 .6 = 91 .886 
Zelezni¢éni Doprava a Technika, octobre, p. 303. 

KRONDAK (M.). — Plan de formation de trains 
homogénes — détermination d’une rame de wagons 
optimum. (2 800 mots & fig.) 


1959 656 .222 .6 = 91 .886 
Zelezniéni Doprava a Technika, octobre, p. 306. 

VYSUCEK (K.). — Probléme d’assurance de conformité 
entre le tableau de marche des trains et la technologie de 
fonctionnement d’une gare de triage. (3 600 mots & fig.) 


1959 625 .26 = 91 .886 
Zelezniéni Doprava a Technika, octobre, p. 316. 

VESELY (J.) et CHVOJKA (Z.). — Application de la 
méthode de comparaison dans I|’élaboration de normes 
d’exécution techniquement bien fondées. (2 500 mots & 
tableaux.) 


M. Weissenbruch & Co., Ltd., Printer to the King, 49, rue du Poingon, Bruxelles. 
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chooses SKF rolier 
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The illustration shows one of 150 


aN \ ~ \ 


passenger coaches of all-welded 
construction that are in use on the 
National Railways of Mexico. 

These coaches, which are built to 
AAR standards, have been In service 
for some years. They weigh 53 tons 
and aJjl bogies are fitted with SKF 


roller bearing axleboxes. 
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